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Foreword 


Because the firs: NORMAL AGING volume found such widespread use, 
we decided to prepare a sequel which would update and extend the findings 
reported in the first volume. Assembling more than enough material for 
this sequel was not difficult because many findings had already been pub- 
lished, several reports were about to be published, and other reports were 
in the process of being written. Some of the reports were written especially 
for this volume because we wanted as comprehensive a summary of our 
findings as possible. 

These volumes are more than a collection of reports on aging. From 
the inception of the Duke longitudinal studies of aging, we have made 
considerable effort to coordinate and integrate our research; to make it 
truly interdisciplinary, rather than just multidisciplinary, research. Through- 
out the academic year, two kinds of Monday evening meetings are scheduled 
to facilitate interdisciplinary exchange. Approximately twice a month, the 
investigators associated with the longitudinal studies meet together. The 
remaining Monday evenings are for all of the Center investigators. The 
purposes of the longitudinal study meetings are to share ideas, discuss 
findings, present preliminary reviews of papers to be presented or published, 
review current progress, and plan for the future. From the beginning we 
have been guided by the twin questions: what are the basic physical, mental, 
and social processes of normal aging? and what accounts for the variations 
in these processes? Furthermore, the editor, our project coordinator, has 
organized these reports into a logical sequence moving from physical aging, 
through mental and social aging, to factors associated with death or longevity. 
He has also provided an introductory chapter, introductory sections to each 
chapter, and a final summary which point up the significance of the main 
findings. 

These longitudinal studies are only a part of the comprehensive program 
of research, training, and service at the Duke Center for the Study of Aging 
and Human Development. 

They are considered a type of interdisciplinary or team research as con- 
trasted with the multidisciplinary composition of the entire Center for the 
Study of Aging and Human Development. Interdisciplinary research is a team 
effort. A team is composed of two or more individuals representing distinct 
scientific disciplines who, because of their particular skills and interests, will 
accept certain responsibilities and will cooperate with other members of the 
team to achieve their goal. Multidisciplinary research is a type of group re- 
search involving several distinct scientific disciplines. The investigators are 
identified as a group because they are working in proximity and have interest 
in a common research topic. It is hoped and assumed that there is maximum 
communication between the investigators composing a group and that this in- 
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creases the value of their work. The research program includes a number of 
other studies in biological, psychiatric, psychological, and sociological aspects 
of aging and human development. Training activities include a two-year pro- 
gram for pre- or post- Ph.D. or M.D. fellows who desire to pursue research 
training in some aspect of the behavioral sciences or psychophysiology related 
to aging and human development, and a two-year geropsychiatry training 
program for fellows with two or three years of psychiatric residency training. 
Service is combined with survey and experimental research in the Older 
Americans Resources and Services project. Further information on these 
and other programs of the Center may be obtained from: 


Dr. George L. Maddox, Director 
Center for the Study of Aging and Human Development 
Box 3003, Duke Medical Center 
Durham, North Carolina 27710 


We hope this volume will serve several functions: to stimulate re- 
searchers in gerontology to modify or extend our findings to other popula- 
tions, to inform government agencies and professionals working with older 
people about recent findings on normal aging, and to educate students and 
the public about this long neglected field of basic aging processes. 


Ewald W. Busse, M.D. 

J. P. Gibbons, Professor of Psychiatry 
Chairman, Duke University 

Council on Aging and 

Human Development 
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Chapter 1. Introduction 


This volume is the sequel to Normal Aging: Reports from the Duke 
Longitudinal Study, 1955-1969. Its purpose is to bring together and sum- 
marize the main findings which build upon and extend those presented in the 
first volume. It contains all the reports from the Duke Longitudinal Studies 
published since 1969 as well as an almost equal number of papers presented 
at professional meetings or written especially for this volume. These reports 
present new findings on aging among the older longitudinal panel as well as 
the first findings on the middle-aged panel. 

Both of these volumes deal with “normal aging” in two senses: healthy 
aging and typical aging. The aged and middle-aged persons studied were 
relatively healthy in that they were noninstitutionalized, ambulatory, com- 
munity residents who were willing and able to come to the Duke Medical 
Center for one or two days of tests and examinations. Second, the more 
common or typical patterns and problems of aging are focused upon rather 
than the unusual abnormalities. This volume deals with the typical physical 
changes that accompany aging, typical health care patterns, typical patterns 
of mental aging, some common forms of mental illness among the aged, the 
normal social roles, self concepts, satisfactions, leisure and sexual behavior, 
and the overall factors related to longevity. 

As pointed out in the first volume, investigations of normal aging are of 
crucial importance in advancing the science of gerontology and in helping 
aged persons develop and enjoy a richer and longer life. When we can 
distinguish normal and inevitable processes of aging from those which may 
accompany aging simply because of accident, stress, maladjustment, or dis- 
use, we can better focus our attention and efforts on those factors which can 
be changed and corrected. 

Both volumes also emphasize the theoretical and methodological ad- 
vantages of the longitudinal and interdisciplinary methods used in these 
studies. Since aging is by definition a process of change over time, it would 
seem that the best way to study aging is longitudinally, by repeated observa- 
tions over time. This is not meant to deny the value of cross-sectional studies, 
nor to deny the technical and methodological problems connected with longi- 
tudinal study, but it is meant to reassert the unique advantages of longitudinal 
studies such as the following: each panel member can be used as his own con- 
trol, consistent trends can be distinguished from temporary fluctuations, errors 
due to retrospective distortion are minimized, early warning signs of disease or 
death can be studied, cohort differences can be distinguished from age 
changes, and the effects of one kind of change on another kind of change at a 
later time period can be studied. 

The interdisciplinary nature of the study is useful because aging affects 
many interrelated types of behavior and functioning. When specialists from 
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different disciplines work together, the mutual stimulation, correction, and 
combination of perspectives can result in more accurate, thorough, and com- 
prehensive understanding of the aging process. 

However, this sequel differs from the first volume in several respects. 
While most of the reports in the first volume were previously published else- 
where, this sequel contains fifteen original papers written especially for this 
volume or presented to professional meetings but not published elsewhere. 
Second, while the first volume was limited to reports from the first longitudi- 
nal study of aging (persons over 60 years of age), this sequel is about one- 
third devoted to reports from the Adaptation Study of middle-aged persons 
(46-70 years of age). Third, this sequel shows that the tempo of reports 
produced has increased, because it contains thirty-five reports produced in the 
past four years (about nine per year) compared to the fifty basic reports in 
the first volume which were produced during the preceeding fourteen years 
(about three and one-half per year). 

The reader who is interested in detailed description and discussion of the 
first longitudinal study of aging is referred to chapter 1 of the first Normal 
Aging volume. Suffice it to say here that the first longitudinal study of aging 
began in 1955 with 271 persons 60-90 years of age. The subjects were not a 
strictly representative sample, but were selected from a pool of volunteers who 
lived in the community so that the overall sample reflected the age, sex, 
ethnic, and socioeconomic characteristics of the older population in Durham, 
N.C. Each panelist was brought in to the Medical Center for a two-day long 
series of medical, psychiatric, psychological, and social examinations. These 
examinations were repeated every three or four years until 1965, every two 
years until 1972, and since then the examinations are being repeated on an 
annual basis. In 1973, the eighth round of examinations on the survivors of 
this study was completed. 

The second longitudinal study, or Adaptation Study, was begun in 1968 
with 502 persons 46-70 years of age. These panelists were a random sample 
of the members of the local health insurance association stratified by age 
and sex. The sample and study was designed so that at the end of five years 
there would remain approximately 40 persons in each of ten five-year age-sex 
cohorts. This design makes possible various kinds of cross-sequential types of 
analyses in order to separate the effects of aging from cohort differences and 
from changes in the environment over time. Each subject was brought in for 
a one-day long series of physical, mental, and social examinations. The panel- 
ists are reexamined at two-year intervals and in 1973 the third round of exam- 
inations was completed. For more details and discussion of the adaptation 
study design, the reader is referred to Appendix A in this volume. 

The articles which are reprinted by permission from various journals are 
presented with no deletions except for duplicate passages such as those that 
repeat the description of the panelists. Deletions of a sentence or more in 
these articles are indicated by ellipses, and minor changes have been made for 
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uniformity. Since most of the reports are interdisciplinary, the placement of 
some reports in one chapter rather than another was somewhat arbitrary, but 
an attempt was made to group reports by the type of central variable under 
investigation. Each chapter first presents the reports from the first longitudinal 
study and then reports from the Adaptation Study. Brief summaries of the 
reports introduce the chapters, and the book closes with an overall summary 
of the main findings and themes. The reader may wish to start with these 
summaries in order to decide which reports to read in more detail. 

We appreciate the cooperation of the many authors and journals or pub- 
lishers for their permission to reprint their articles. Special thanks are due to 
Mrs. Elke Gordon and to Mrs. Celenzy Chavis for their help in preparing the 
manuscript. Most of this research was supported in part by the U.S. Public 
Health Service, National Institute of Child Health and Human Development, 
Grant HD—00668. 


Chapter 2. Physical Aging 


We begin with physical aging because it is basic to all the other aspects of 
aging. And most basic among the physical aspects are possible changes in cell 
function with age. The first report presents the age differences in one essential 
product of the body cells, immunoglobulins, which produce our various im- 
munities. The major finding that the older persons (drawn from the older 
longitudinal study ) had significantly lower average immunoglobulin concentra- 
tion compared to younger persons suggests that lower immunity may partly 
account for the greater frequency of illness among the aged. 

The next three reports present some of the first longitudinal data on 
dermatological, ophthalmological, and auditory changes among the normad 
aged. The report on dermatological changes also examines the relationship be- 
tween certain skin problems and longevity. The report on ophthalmological 
changes also examines the relationship of certain vision defects with longevity 
and with indicators of activity and satisfaction. The report on auditory 
changes shows that while hearing acuity generally diminishes with increasing 
age, there are substantial differences between sex and racial groups. 


Serum Immunoglobulin Concentrations C. E. Buckley III 
and F. C. Dorsey 


The relationship between changes in serum immunoglobulin concentra- 
tions and immunologic diseases in adults is often obscure. Current difficulties 
in identifying alterations relevant to disease may result from several factors: 
the degree of departure from normal confidence intervals is usually small in 
comparison to dysimmunoglobulinemias occurring early in life; other sources 
of biologic variation, such as race (Rowe et al., 1968) and sex (Butterworth 
et al., 1967; Stoop et al., 1969) tend to obscure disease-related changes. 
Aging is another source of biologic variation only indirectly related to disease. 
Significant age-related changes occur prior to adult life (Buckley et al., 
1968). Relatively little is known of the immunoglobulin content of the serum 
of humans late in life, a period associated with an increased frequency of 
disease. As a consequence observations of serum immunoglobulin concentra- 


From The Journal of Immunology 105:4:964-972. Copyright 1970, The Williams & 
Wilkins Co. Reproduced by permission. This work was supported by grants from the 
United Public Health Service (AI-07499, 5—K3—AI-14797, HD-00668) and the Ameri- 
can Medical Association (AMA-ERF). 
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tions in older patients are difficult to interpret. A systematic study of serum 
immunoglobulin concentrations throughout the life-span of man is a necessary 
requisite for the identification of disease-related changes. 

The concentrations of IgG, IgA, and IgM were measured in the serum of 
811 apparently healthy humans ranging in age from birth to 92 years. This 
work represents a part of continuing studies of the immunologic aspects of 
aging in man. Biometric analysis of these data suggests that valid contrasts of 
serum immunoglobulin concentrations between healthy and diseased adults 
are not possible without adequate control of biologic variation related to age. 


Materials and Methods 


Subjects 


Sera were obtained from apparently healthy individuals who were free 
of complaints related to acute or chronic disease and exhibited no obvious ab- 
normalities. The subjects included professional and paramedical hospital 
personnel, healthy family members and friends of patients who provided blood 
donations, and older individuals who are members of longitudinal study popu- 
lations under periodic survey by the Duke University Center for the Study of 
Aging. 


Preparation of Antigens and Antisera 


Blood was collected by phlebotomy and serum separated within 1 hour. 
Sera were frozen at —20° C until analyzed and retained at 4° C during the 
period of analysis. 

Purified human immunoglobulins were used as antigens and primary 
reference standards. Each immunoglobulin was prepared from serum by a 
combination of gel filtration and ion exchange chromatography. Human IgG 
was prepared from Cohn fraction II human y globulins and from sera or 
patients with heterogenous hyperglobulinemia and myeloma. Human IgA was 
prepared from the sera of patients with IgA multiple myeloma and from one 
patient with increased heterogenous IgA. Human IgM was prepared from the 
sera of two patients with monoclonal macroglobulinemia, a patient with 
cryomacroglobulin (Turkington et al., 1966) and a patient with heterogenous 
macroglobulinemia (Whitehouse et al., 1967). 

Gel exclusion chromatography with G—200 Sephadex or P—300 Bio-Gel 
was performed on a 15 cm X 150 cm column as an initial enrichment step. 
Immunoglobulins in eluate peaks were initially identified by microimmuno- 
electrophoresis (Scheidegger, 1955) with a polyvalent antiserum to human 
serum proteins. More recently single radial diffusion (Mancini et al., 1965) 
against monospecific antisera has also been used in order to identify eluate 
fractions enriched with the desired human immunoglobulin. Chromatography 
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was repeated on the same column after concentration of the desired eluate 
fraction by lyophilization. Solutions of each partially purified human im- 
munoglobulin were chromatographed on a 5 x 100 cm DEAE Sephadex 
A-5 column. The resin bed and protein solution were equilibrated with a 
0.01 M ionic strength, pH 8, Tris-propionate buffer, and elution was carried 
out with a continuous gradient developed by pH 7, 0.05 M ionic strength 
Tris-propionate buffer adjusted to a final ionic strength of 0.45 M with 
sodium chloride. Eluate fractions were monitored by measurement of the 
optical density, evaluated immunochemically and concentrated by lyophiliza- 
tion. Purified antigens were further characterized by analytical ultracentrifu- 
gation and further immunochemical analysis. Preparations having immuno- 
chemical or physicochemical evidence of impurities were rechromatographed 
under the same conditions, or alternately were chromatographed on CM- 
Sephadex A-—SO after equilibration with a pH 5.0, 0.01 M ionic strength 
acetate buffer. Elution was accomplished with a continuous gradient devel- 
oped by a pH 6, 0.5 M ionic strength acetate buffer. 

The apparently immunochemically pure globulins obtained were adjusted 
to a pH of 5.5 and dialyzed into 0.01 M sodium chloride. Each solution of 
IgG and IgA was adjusted to a concentration range between 1 percent and 4 
percent and each IgM solution to between 0.3 percent and 0.5 percent. Each 
preparation was sterilized by ultrafiltration prior to measurement of concen- 
tration by drying duplicate amounts to minimal weight at 107°+ 0.2° C ina 
forced draft oven. All samples contained more than 20 mg protein and were 
weighed on an analytical balance having a precision of +0.0002 g. Weights 
obtained were corrected for the salt content of the initial solution and the con- 
centration of each primary reference standard solution expressed in milli- 
grams/milliliter of solution. The concentrations of some primary reference 
standard solutions were also evaluated in the analytical ultracentrifuge using 
Rayleigh interference optics (7 = 0.000465 for 2.5 mg/ml, 4 = 546 nm). 
Estimates of concentration by these two methods agree within +2 percent. 

All antisera were prepared in goats. The quantity of primary reference 
standard used as antigen solution for each injection varied between 0.3 and 
1.0 mg in a volume of 1 ml. Each antigen was homogenized with an equal 
volume of mixed complete Freund’s adjuvant and injected intramuscularly 
in divided doses into each goat at weekly intervals for a period of six to eight 
weeks. Booster doses of antigen prepared as an alum toxoid (Kabat, 1961) 
were used twice monthly thereafter. Approximately 200-ml bleedings were 
obtained every two weeks after the development of precipitating antibodies, 
usually after the fourth week of immunization. 

Each harvest of antiserum was evaluated for antibody to other human 
serum proteins by microimmunoelectrophoresis. Apparently monospecific 
antisera were evaluated against a panel of 12 or more x and purified human 
L chains (Bence Jones proteins). Antibody activity to L chains or to other 
human serum proteins was removed by absorption with an appropriate an- 
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tigen containing serum or partially purified antigen. After absorption each 
pool of goat antiserum was precipitated three times with ammonium sulfate 
(24 g/100 ml of serum or solution), dialyzed into physiologic saline, sterilized 
by ultrafiltration, and portions were sealed in 10-ml vials closed with a rubber 
bung and aluminum seal. Each antiserum globulin preparation was again 
evaluated for potency and specificity, dated and labeled, and retained at 
—70° C until used. These goat antibody globulin preparations contained 90 
percent or better 7S protein by ultracentrifugation and antibody activity was 
two- to fourfold greater than in neat serum. 


Quantitation of Immunoglobulin Concentrations 


The quantity of IgG, IgA, and IgM in serum was measured by a modifica- 
tion of the single radial diffusion method (Mancini et al., 1965; Fahey et al., 
1965). Equal volumes (6 to 10 11) of serum or antigen-standard were meas- 
ured with a 50-1 syringe or micropipette into 3.6-mm wells cut in agar 
containing optimally diluted monospecific antisera to each human immuno- 
globulin. Each diffusion plate was allowed to incubate in a moist chamber at 
room temperature. Diffusion was allowed to progress for 4 hours for IgG and 
IgA and 12 hours for IgM. At the end of the diffusion the precipitate rings 
were photographed with the aid of an indirect light source. The photographed 
diameter of diffusion was measured with needle point calipers and a micro- 
comparator. Initially, concentrations of each unknown immunoglobulin were 
estimated by interpolation of the diameter observed on a semilog graph of 
values obtained with a previously quantitated and diluted secondary reference 
standard (SRS) run on the same plate. More recently interpolated concentra- 
tions were calculated by a least squares regression of the log. of the unknown 
SRS standards against observed diameters on a programmed calculating ma- 
chine. These calculated regressions allow computation of known values and 
an estimate of minimal error. Replicate dilutions of the SRS, placed geo- 
metrically about each plate in such a way as to maximize error due to loading 
of wells and leveling the plate, were used to calculate the percentage standard 
error of the regression. Replicate determinations on each unknown serum 
on different days were done until the average estimates of concentration ob- 
tained agreed within the experimental limits of the method. The coefficient of 
variation of regression obtained by this technique currently averages 5.12 
percent for IgG, 5.75 percent for IgA and 10.0 percent for IgM. 


Analysis and Presentation of Data 


Graphic plots of the cumulative frequency of serum concentrations ob- 
served in healthy individuals are curvilinear. The same frequency distribution 
plotted against logarithmically transformed serum concentrations is linear. 
Therefore, statistical evaluations of the serum immunoglobulin concentrations 
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observed in healthy individuals were accomplished by multivariate analysis 
(Starmer et al., 1968) on the log. of the value observed. Data were cate- 
gorized as to the race, sex, and age of each individual. Age was initially 
treated as a variate. In the analysis presented in this report, age is treated as 
a linear covariate within each of the four age spans of human life in which 
similar age-related trends occur. 


Results 


The ranges of serum concentrations of IgG, IgA, and IgM observed 
throughout the life of man are presented in Figure 2-1. This figure shows the 
confidence interval derived from the antilog of the two standard deviation in- 
tervals about the means of sequential groups of healthy people from birth into 
the tenth decade of life. The magnitude of the variation observed differed con- 
siderably throughout life. However, the largest variance for equal sized groups 
was less than fourfold greater than the smallest variance observed. IgG 
reaches maximum variation and concentration between the second and fourth 
decades of life. IgA concentrations approximates the range of adult values by 
puberty, but continues to increase slowly through the third decade and shows 
increasing variation throughout life. IgM increases until the beginning of the 
second decade when it reaches maximum concentration and it reaches maxi- 
mum variance by the fifth decade of life. Average IgG and IgM concentra- 
tions decrease toward neonate values beyond the fifth decade of life. 

On the basis of the age-related trends pictured in Figure 2-1, data were 
divided into four age spans: 0 to 13 years, 14 to 27 years, 28 to 54 years, 
and 55 to 92 years. Multivariate analysis of the log. of each value with the 
age of each apparently healthly individual as a different covariate for each 
age-race-sex group was accomplished in order to make use of age spans in 
which the transformed serum concentrations might approximate a linear func- 
tion of age. The results of this analysis are presented in Table 2—1 as the age- 
adjusted mean and the standard error of the mean, and the slope and standard 
error of the slope within each of the 16 age-race-sex groups. All values 
presented in Table 2—1 are expressed as the log. of units of W.H.O. reference 
standard 67/95. Mean values and slopes not statistically different from zero 
are identified. A graphic summary of these mean immunoglobulin concentra- 
tions and significant slopes is shown in Figure 2—2, which also presents an 
estimate of the variation between each race and sex in relation to the magni- 
tude of change observed with aging. Age-race-sex groups having significant 
age-related changes within each age span are presented as a line. Group 
means without statistically significant within-group age effects are presented as 
single points at the mean age for the group. The general variation observed 
in group means and the time in life when race and sex differences are maxi- 
mum are represented by the stippled areas in Figure 2-2. 
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Figure 2—1. Means and confidence 
intervals of serum immunoglobulin 
concentrations observed throughout 
the life of apparently healthy man. 
Note the logarithmic scale. The 
crosshatched areas represent the 
measured confidence intervals for 
each immunoglobulin. The mean 
IgG, mean IgA, and mean IgM 
show the relative magnitude of age- 
related trends and the basis for se- 
lection of age spans used for statis- 
tical analysis of these data. 


Generally, the magnitude of variation between different race and sex 
groups parallels the overall variation presented in Figure 2—1. Sex differences 
in whites were less than in blacks. Higher serum immunoglobulin concentra- 
tions were observed in blacks. Females have slightly higher serum IgM con- 
centrations than males, but black females do not maintain this apparent 
difference into older age. The largest source of variation observed was 
related to age. In addition to the well documented increases in serum im- 
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Table 2-1. Serum immunoglobulin concentrations of apparently healthy humans 
from birth to old age. 


Mean age 
Group No. +S.D IgGs IgA* IgM+ 

White 47 62+4.9 (1)h 4.1864 + 0.0942 1.8567 + 0.1936 3.9072 + 0.1785 
males (2) 0.0557 + 0.0118 0.2294 + 0.0244 0.0384 + 0.02254 
55 20.0+4.2 (1) 4.7487 + 0.2619 4.1811 + 0.5388 4.1447 + 0.4963 

(2) 0.0060 + 0.0049 0.0155 + 0.02634 0.0343 + 0.02424 

93 42.8+4+3.3 (1) 5.5882 + 0.2162 4.5415 + 0.4445 6.1269 + 0.4098 

(2) —0.0253 + 0.0049 0.0012 + 0.01012 —0.0390 + 0.0093 

121 66.3+8.8 (1) 3.8885 + 0.2743 3.7506 + 0.5638 4.4917 + 0.5198 

(2) 0.0073 + 0.00404 0.0132 + 0.00844 —0.0053 + 0.00774 

White 43 46+48 (1) 4.5342 + 0.0084 0.7988 + 0.1742 3.5007 + 0.1606 
females (2) 0.0192 + 0.01274 0.3365 + 0.0261 0.1138 + 0.0240 
63 19.7+3.4 (1) 4.6726+ 0.2925 3.5289 + 0.6011 4.4382 + 0.5543 

(2) 0.0096 + 0.01454 —- 0.0464 + 0.02994 0.0293 + 0.02754 

66 43.348.9 (1) 5.2746 + 0.2438 4.4964 + 0.5010 6.4197 + 0.4620 

(2) —0.0170 + 0.0055 —0.0038 + 0.01134 —0.0388 + 0.0104 

104 67.6+9.3 (1) 3.2749 + 0.2853 3.2344 + 0.5864 3.3081 + 0.5407 
(2) 0.0155 + 0.0041 0.0150 + 0.00854 0.0113 + 0.00794 

Black 41 39+43 (1) 4.1356+ 0.0843 2. S512 == \05733 3.9586 + 0.1598 
males (2) 0.0867 + 0.0146 0.1866 + 0.0300 0.0582 + 0.0276 
19 20.7+2.9 (1) 3.5219 + 0.6586 1.1855 + 1.35354 2.9042 + 1.24804 
(2) 0.0874 + 0.0313 0.1632 + 0.0644 0.0891 + 0.05944 

29 406+7.4 (1) 5.7566 + 0.4174 4.3165 + 0.8579 5.3767 + 0.7910 

(2) —0.0120+ 0.01014 0.0189 + 0.02074 —0.0100 + 0.0191 

14 73.7 a= 10.5 (1) 6.8263 + 0.7760 6.5533 + 1.5948 5.6989 + 1.4704 
(2) —0.0254+0.0104 —0.0224 + 0.02144 —0.0191 + 0.01974 

Black 32 3.7+43.7 (1) 4.4689 + 0.1009 1.7188 + 0.2074 3.8320 + 0.1912 
females (2) 0.0623 + 0.0191 0.3022 + 0.0393 0.0816 + 0.0362 
24 200+4.8 (1) 5.2200 + 0.3502 4.7301 + 0.7198 3.7407 + 0.6637 

(2) —0.0047 + 0.01702 0.0017 + 0.03494 0.0702 + 0.0322 

42 43.747.2 (1) 4.7722 + 0.3785 4.9701 + 0.7779 5.3798 + 0.7172 

(2) —0.0011 + 0.00854 —0.0136 + 0.01754 —0.0447 + 0.0161 
18 664+9.9 (1) 3.7432 + 0.6508 4.2112 + 1.3376 1.7964 + 1.23334 
(2) 0.0130+ 0.00964 0.0042 + 0.01994 0.0317 + 0.01834 


a All values expressed as log, of units of W.H.O. reference standard 67/95. 
b(1), age adjusted mean + standard error of the mean. 
© (2), slope + standard error of the slope. 

4 Statistically not different from zero, p < 0.05. 


munoglobulin during the first two decades of life, large age-related changes 
occur after maturity. IgM concentrations in older individuals decrease to 
values near those early in life. IgG decreases from the third through the sixth 
decade of life. Changes in IgG with age in blacks are less precipitous than in 
whites. Age-related changes of IgA in adults were small in O18 TUE to 
changes in IgG and IgM. 

Statistical comparisons of differences in serum immunoglobulin concentra- 
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Figure 2—2. Means of each race and 
sex group within each age span for 
each immunoglobulin shown as a 
function of age. Lines between two 
points within an age span represent 
statistically significant covariant ef- 
fects within the particular age span; 
other group means in which the co- 
variant effect of age was not signifi- 
O 20 40 60 80 cant are shown as a single point. Note 

Years age the relative magnitude of age related 
OWhite males White females variation in contrast to average dif- 
® Black males ©@ Black females ferences related to race and Sex. 
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tions between age groups were made. These results are presented in Table 
2-2, which lists probabilities that the differences observed could occur by 
chance alone. The probability that the mean difference or slope difference 
observed is not different from zero is presented for the adjusted mean and 
slope of each immunoglobulin for every possible contrast in the four selected 
age spans of life. Significant differences were found throughout life in all age 
spans for all immunoglobulins with but two exceptions: IgM in the interval 
from 0 to 27 years and IgA within the 28- to 92-year interval. Simultaneous 


Table 2-2. Significant age-related changes in human serum immuno- 
globulin concentrations. 


Significance of the contrasts, p< 


Age range of IgG IgA IgM 
grouped con- 


trasts (years) Mean Slope Mean Slope Mean Slope 

0-13 vs 14-27 0.0122 0.0001 0.0001 

0-13 vs 28-54 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0-13 vs 55-92 0.0001 0.0001 0.0001 0.0001 
14-27 vs 28-54 0.0029 0.0007 0.0301 0.0116 0.0001 0.0001 
14-27 vs 55-92 0.0001 0.0001 0.0001 0.0001 
28-54 vs 55-92 0.0043 0.0027 0.0008 0.0005 


Allage groups 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
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contrasts between all age groups were highly significant for all immunoglobu- 
lins (p < 0.0001) with respect to both mean and slope differences. A similar 
simultaneous contrast of race and sex differences within all age groups (Table 
2-3) suggests that only race differences in IgG are significant (p < 0.0133). 
These comparisons indicate that changes in serum immunoglobulin concen- 
tration occur throughout life, and that age-related differences are much more 
important than those related to race and sex. 


Table 2-3. Significant race, sex, and race-sex differences in human serum immuno- 
globulin concentrations. 


Significance of the contrasts, p< 


IgG IgA IgM 
Age range Ee a ee ee 
(years) Contrast Mean Slope Mean Slope Mean Slope 


0-13 Race 0.0124 0.0001 
Sex 0.0004 0.0383 0.0001 0.0004 
Race-sex inter- 
action 


14-27 Race 
Sex 0.0277 
Race-sex inter- 
action 0.0334 0.0177 0.0149 0.0202 


28-54 Race 
Sex 0.0437 
Race-sex inter- 
action 


55-92 Race 0.0022 0.0210 
Sex 0.0011 0.0029 0.0132 0.0195 
Race-sex inter- 
action 0.0220 0.0466 


0-92 Race 0.0133 
Sex 
Race-sex inter- 
action 


Even though race and sex differences throughout life are minor in com- 
parison to age-related trends, it was of interest to evaluate in which age range 
these differences are important. Table 2—3 presents the results of race, sex, 
and first-order interaction contrasts within each of the four age ranges studied. 
In the 0- to 13-year range mean IgG differences related to sex (p < 0.0004), 
and mean IgA differences related to race (p < 0.0001) and sex 
(p < 0.0001) could be detected. The covariate relationship of age on ‘serum 
IgG was different in each race (p < 0.0124) and sex (p < 0.0383) and the 
age effect on serum IgA was different in each sex (p < 0.0004). In the next 
age span, 14 to 27 years, significant differences were restricted to the covariate 
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effect of age on IgG in each sex (p < 0.0277) and mean and slope sex-age 
interaction effects for IgG and IgA. A difference in mean IgG related to sex 
was marginally significant in the 28- to 54-year age span (p < 0.0437). Late 
in life, in the 55- to 92-year age range, mean differences in IgG for race 
(p < 0.0022) and sex (p < 0.0011) and differences in the covariate effect 
of age on IgG with respect to race (p < 0.0210) and sex (p< 0.0029) 
were detected. Similar mean and slope differences related to sex exist for 
IgM (p < 0.0132, 0.0195). First-order interaction effects were also signifi- 
cant for IgG. 


Discussion 


Well documented changes in serum immunoglobulin concentrations occur 
during human development (Buckley et al., 1968). It has generally been 
assumed that changes beyond early adult life are small and of trivial conse- 
quence in comparison to those observed during the developmental years. 
Major emphasis in studies of healthy adults has been placed on differences re- 
lated to race (Rowe et al., 1968) and sex (Butterworth et al., 1967; Stoop 
et al., 1969). Prior studies of the serum of older individuals have led to 
various conclusions. Studies of serum globulin concentrations by electro- 
phoresis suggest that gamma migrating globulins increase with age (Karel, 
1956; Das, 1961; Haferkamp et al., 1966). Other investigators have con- 
cluded on the basis of studies of a small number of subjects that IgG and IgM 
increase in older individuals (Haferkamp et al., 1966). Thus, the present 
data obtained by a quantitative immunochemical technique in a very large 
population of older healthy humans do not confirm earlier studies. 

The information presented in this report identifies age-related changes as 
the major source of biologic variation in serum immunoglobulin concentra- 
tions. Although changes related to race and sex can be identified, these are 
small and can only be reliably identified early in life or in older age. It was of 
interest that blacks maintained relatively high serum IgG concentrations to a 
later point in adult life than whites. It is uncertain whether this difference is of 
genetic or environmental origin. However, a similar prolongation of increased 
IgM serum concentrations could not be demonstrated in blacks, suggesting 
that if this difference is of environmental origin, a similar ecologic effect does 
not involve IgM. 

One of the most striking changes observed in these studies is the marked 
increase in variability of serum immunoglobulin concentrations with age. Only 
a small portion of this trend could be related to the expression of differences 
associated with race and sex later in life (Figure 2—2). Similar biologic 
variability as a function of aging has been identified in studies of other attri- 
butes of growth and development. For example, Tyler and Norris have ob- 
served a similar augmentation in variance in the weight of beagle dogs as a 
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function of age (Tyler et al., 1968). This augmented variation tends to 
diminish the certainty with which other biologic effects can be identified and 
diminishes the usefulness of measurements in adults as a discriminator of 
health and disease. 

Despite these reservations the fall in serum immunoglobulin concentra- 
tions with advancing age suggests an age-related abiotrophy of selected cells 
responsible for producing immunoglobulin molecules. The maintenance of 
concentrations of IgA suggests that this immunoglobulin may be of relatively 
greater importance with advancing age. 

Comparable changes in immunity related to aging have been demonstrated 
in mice by Makinodan and Peterson, who measured the primary antibody- 
forming potential of fixed numbers of spleen cells from donors of varying age 
(Makinodan et al., 1964). These investigators found no age-related differ- 
ences in the time of doubling of the antibody response of spleen cells pas- 
sively transferred to irradiated and challenged recipients. Instead, a decrease 
in the number of responsive cells occurred with age. A similar decrease in the 
population of immunologically responsive cells could account for the age- 
related abiotrophy identified by these studies of human serum immunoglobulin 
concentrations. The relevance of this phenomenon to senescence and degen- 
erative changes associated with aging and with diseases common in older 
humans remains to be explored. While the observed age-related changes in 
serum immunoglobulin concentration do not provide direct evidence of altered 
immunologic function in older individuals, they do provide the basis for the 
expectation of decreased complement fixing, precipitating, and perhaps ag- 
glutinating antibody activity in older individuals. Antibody activity decreases 
with age (Haferkamp et al., 1966). The extent to which this apparent decre- 
ment is made up by antibody activity within the IgA and other immunoglobu- 
lin classes having different modes of optimal serologic expression is important 
in diagnostic serologic studies in older individuals. The concentrations of im- 
munoglobulin within each class may be important determinants of changes in 
humoral hypersensitivity reactions characteristic of disease states and their 
varied manifestations depending upon the age of the afflicted individual. Thus, 
the identification of age-related changes in immunoglobulin concentration 
throughout life provides additional evidence of the importance of resolution of 
disease-related changes in antibody activity in terms of the actual immuno- 
globulin classes involved. 

The method of statistical analysis used to evaluate these data was adequate 
for the task, but is not necessarily optimal. The use of long age spans weakens 
the applications that can be made from the data in Table 2-1. We have made 
preliminary studies and categorized large patient populations and healthy 
controls into each of 27 possible categories evolved from the three possible 
alterations (high, normal, low) of three immunoglobulins. Each contrast was 
made with respect to the appropriate confidence interval for the individuals’ 
age, race, and sex. The computed confidence intervals at the extremes of the 
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age spans used in this report are very wide. When these wide confidence in- 
tervals are used to categorize individuals near the extremes of the selected age 
spans, the estimate of normality fails to discriminate sharply individuals who 
differ greatly from mean age for the selected age interval. Circumvention of 
this difficulty with smaller age spans and the identification of the frequency 
and kind of immunoglobulin alterations found in healthy individuals will be 
the subject of a separate report. 

The magnitude and importance of the age effect are the major objects of 
this report. In preliminary analyses when age was evaluated as a variate, 
highly significant differences related to the race and sex of the individual could 
be readily identified. These differences were similar to those reported pre- 
viously (Butterworth et al., 1967; Stoop et al., 1969). The ages of con- 
trasted groups did not differ significantly. When the same data are analyzed 
with age as a covariate, many of these differences related to race and sex dis- 
appear leaving only those reported in Table 2-3. This observation suggests 
that some of the previously reported alterations related to race and sex are 
primarily a consequence of race-sex differences in the effect of aging. A 
second possible source of difference may be related to differences in the age 
distribution of the healthy subjects. The evidence presented in this report 
indicates the importance of either controlling age effects as a covariate, or 
alternately using age-matched controls (Buckley et al., 1970) in the evalua- 
tion of serum immunoglobulin alterations in disease states. Interpretations 
based on data in which age effects are not controlled are at risk. 
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Skin Conditions and Lesions in the Aged: A Longitudinal 
Study John P. Tindall and Erdman Palmore 


In any study of aging and aged persons, the largest organ of the body— 
the skin—deserves its portion of attention. This largest organ is also the 
principal one interacting with the environment and the gross changes with 
time in the integument require relatively little searching because of their 
obvious nature. The degree of the changes and how they are associated with 
longevity constitutes our present study. 

An earlier report from the Duke Center for the Study of Aging (Tindall 
and Smith, 1970) described and evaluated data under two large headings: the 
incidence of skin lesions in a normal elderly, ambulatory population; and the 
relationships of these lesions to race, sex, and various cardiovascular condi- 
tions. 

The present report is the first to view the surviving subjects longitudinally. 
A ten-year interval was chosen since it was anticipated that changes in the 
skin would occur slowly. 


Materials and Methods 


The original subjects in the longitudinal study were 271 community 
volunteers at least sixty years of age, selected in order to reflect the race, sex, 
and social status distribution among the aged in Durham, North Carolina. 
However, the initial group was somewhat above average, and the survivors 
in the second round of examinations, conducted between September 1959 and 
May 1961, were even more select. 

One hundred sixty-three persons were seen for their first dermatologic 
examinations during this second round. A wide variety of skin lesions were 
carefully searched for over the entire body surface including oral mucous 
membranes. Seborrheic and actinic keratoses, vascular lesions including 
cherry angiomas, spider angiomas, venous lakes, common nevi, skin tags, 
comedones (blackheads), basal cell carcinomas, squamous cell carcinomas, 
sebaceous and epidermoid cysts, sebaceous adenomas, xanthelasma, lentigos, 
milia, dermatosis papulous nigra, purpura, neurogenous excoriations, cafe-au- 
lait spots and other “birthmarks,” varicose veins, and venous bursts and oral 
leukokeratoses were noted in number and location. The presence and degree 
of other changes such as “lax” skin, asteatosis (xerosis—dry skin), derma- 
tophytosis, actinic elastosis, seborrheic dermatitis, Schamberg’s disease, 
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rosacea, eczematous dermatitis, contact dermatitis, pruritus ani, stasis derma- 
titis, keratosis pilaris, rhinophyma, lichen sclerosis et atrophicas, and psoriasis 
were also noted. 

Eye color and scalp hair distribution in both men and women, and de- 
gree of hair changes of the eyebrows, face, axillae, pubic area and legs were 
carefully estimated. A detailed dermatologic history for incidence of acne, 
chickenpox, herpes simplex, zoster, various skin tumors and dermatidities, 
allergies to medication, atopic conditions such as urticaria, hay fever, and 
venereal diseases were taken. In addition, detailed medical, social, and psy- 
chiatric evaluations together with laboratory studies were available for analysis 
for relationships with dermatologic variables. Much of the resulting data, in- 
cluding statistical evaluations have been reported (Tindall and Smith, 1970, 
Tindall, 1971). 

Since the primary dermatologic survey conducted in 1960-1961, sixty- 
nine persons survived and were reevaluated during 1970-1972. Most patients 
were seen by two observers at two different rounds of examinations, with any 
variations in the results being averaged to enhance accuracy. Some physical 
findings such as asteatosis would be expected to vary with time of year, 
temperature, and humidity. Others, however, such as cherry angiomas and 
seborrheic keratoses would not be expected to alter over short intervals. 

The longevity quotient was also studied and is the observed years sur- 
vived divided by the expected number of years to be survived based on 
actuarial tables by age, sex, and race. Thus, it is a standardized measure of 
longevity (see chapter 8). 


Results 


Most of the skin conditions examined are not considered to be abnormal 
except, perhaps, by degree. The most common finding, that of “lax” skin, 
denoting loss of subcutaneous fat and skin turgor, occurred in 94 percent 
of the original group of 163, and was slightly higher in the followup group. 
This finding, being practically universal, was difficult to further evaluate. 
Asteatosis, which had been observed in 77 percent in the primary study, 
proved a more useful variable because it was less universal. New growths 
which could actually be counted were also regarded as potentially meaningful 
and five types of lesions were particularly well suited. The incidence of these 
lesions in the primary study were: seborrheic keratoses 88 percent, cherry 
angiomas (ectasias) 75 percent, nevi (common moles) 63 percent, spider 
angiomas 29 percent, and scrotal angiomas (ectasias) 27 percent in men. 
Though three of the five lesions are vascular in nature, they were thought to 
be potentially dynamic and to warrant special notice. 

Table 2—4 shows a breakdown of the differences of these six conditions in 
the primary study by ages. Whereas the percentages given above reflect the 
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Table 2-4. Cross-sectional differences between age groups in dermatological 
conditions (primary study 1960-61). 


Age group (%) 

60-69 70-79 80+ Total group 

(N = 80) (N = 67) (N = 21) Nessa) 
Spider angiomas (1 or more) 4 1 0 3 
Asteatosis (moderate or severe) 13 16 2 15 
Scrotal angiomas* (5 or more) 25 25 60 27 
Seborrheic keratoses (10 or more) 46 60 46 52 
Nevi (5 or more) 41 24 18 32 
Cherry angiomas (10 or more) 4) 36 55 40 

* Men only 


presence or absence of these variables, a better cross-section is evident when 
degree of asteatosis and higher numbers of the specific lesions are viewed. The 
exception is spider angiomas because of the relatively low overall incidence. 

Although the number of subjects in the 80 and older age group is small, it 
would appear that the incidence of moderate and severe asteatosis increases 
with age, but that nevi decrease with age. Scrotal angiomas are more frequent 
among the men over 80. The other conditions show less variation by age 
groups. 

This analysis does not consider variations in race and sex because of the 
relatively small numbers in each subgroup. It is noteworthy, however, that 
seborrheic keratoses (10 or more) were more frequent in both Negro men 
and women than their Caucasian counterparts; that nevi (5 or more) were 
more common on the men of both races than on the women, although the 
lesions were closely comparable between the races; and cherry angiomas (5 
or more) were much more frequent in Caucasians, with an even greater dif- 
ference occurring among men (Caucasian 77 percent and Negro 11 percent). 

Table 2—5 compares the original percentages for the surviving subgroup 
with the percentages for these same individuals a decade later who had the 
skin conditions and lesions. There was a definite increase in the proportions 
with spider angiomas and asteatosis in the group, and a large increase in the 
proportion of men with scrotal angiomas. Seborrheic keratoses changed little 


Table 2-5. Longitudinal changes in findings (N = 69). 


1960-62(%) 1970-72(%) Change 


Spider angiomas (1 or more) 4 27 +23 
Asteatosis (moderate or severe) 12 30 +18 
Scrotal angiomas* (5 or more) 6 19 +13 
Seborrheic keratosis (10 or more) 45 48 + 3 
Nevi (10 or more) 15 7 — 8 
Cherry angiomas (10 or more) 46 36 —10 


* Men only 
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in numbers of lesions, but nevi and cherry angiomas decreased with the pas- 
sage of time. 

Thus, both the cross-sectional analysis by age and the longitudinal analysis 
show increases in asteatosis and scrotal angiomas, while showing decreases in 
nevi. We will see that these are the same three conditions linked to longevity. 

Table 2—6 attempts to assess the data from a different viewpoint, that of 
longevity. Three variables were found to be significantly associated with 
longevity quotient; asteatosis, nevi, and scrotal angiomas. The other three 
variables included in this analysis were not significantly associated with 
longevity. The differences are particularly striking when no asteatosis is com- 
pared to moderate and severe asteatosis, no nevi to five or more nevi, and no 


Table 2-6. Conditions associated with longevity 


quotient. 

Condition L@ N 
Asteatosis: None 1.44 37 
Mild 1.24 99 

Moderate or 
Severe 121 25 
Nevi: None 1.34 61 
1-4 1.31 49 
5 or more 1.16 52 
Scrotal angioma: None 1.32 56 
(men only) 1-4 1.48 9 
5 or more 1.07 12 


Differences are statistically significant at .05 level. 


scrotal angiomas to five or more scrotal angiomas. It should be noted that the 
longevity quotients for all groups are above average because those who sur- 
vived and returned for the second round of examinations were generally above 
the average group. 


Discussion 


The skin is a very dynamic organ, working constantly to afford us pro- 
tection from our environment while allowing us to interact with it. It is under 
the control of many endogenous forces while having a marvelous tolerance to 
external influences. This study is concerned with a series of essentially nor- 
mal variations—normal in the sense that they are more important cos- 
metically than they are pathologically. Of the six conditions analyzed, only 
asteatosis is associated with any symptomatology, and only when it is severe 
may the individual perceive some pruritus. 
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The analysis by age groups and by longitudinal change tends to support 
previous impressions. The increase from 12 percent to 30 percent of in- 
dividuals with moderate or severe asteatosis indicates that the aging skin 
tends to lose its ability to keep itself properly hydrated by retaining the proper 
fluid content in the epidermal cells. Increasing age apparently alters the func- 
tional capacity of the epidermis, particularly the “skin barrier” of the surface 
stratum corneum (Blank, 1952) so that it becomes more dry and brittle. 

The tendency of different types of vascular lesions in the skin to be as- 
sociated with each other was reported following the survey of the primary 
group (Tindall and Smith, 1970). Scrotal angiomas, cherry angiomas, and 
varicosities were all significantly related. Cherry angiomas and scrotal an- 
giomas are uncommon in children, though spider angiomas occur much more 
frequently. Bean (1956) states that cherry angiomas are almost universal in 
individuals over seventy years of age. 

Possible interrelationships among cutaneous and internal vascular lesions 
were also sought in the primary study. Arteriolarsclerotic retinopathy (grade 
II or greater), aortic calcification seen on chest X-ray, and coronary artery 
disease as evidenced by electrocardiographic change were utilized to reflect 
the changes associated with aging in different-sized internal blood vessels. 
Scrotal angiomas were related to arteriolarsclerotic retinopathy and to aortic 
calcification; coronary artery disease and varicosities were also related to each 
other. 

Therefore, it appears reasonable that when viewed longitudinally, scrotal 
angiomas would become more numerous in an older population. That the 
proportion with many cherry angiomas did not increase seems to indicate less 
age relationship. Spider angiomas are known to be more dynamic and to re- 
flect hormonal changes. An example would be the great increase in such 
lesions in pregnant women, with disappearance following childbirth. Though 
speculative, the longitudinal increase more likely reflects the hormonal system 
rather than aging as such. This separation is arbitrary and probably artificial. 

True moles or nevocellular nevi, are interesting from a different view- 
point. These lesions begin to appear during the first two years of life and 
increase in number into adult life. With time, they disappear as mysteriously 
as they appear so that Caucasians over fifty years of age average about four 
such lesions (Stegmaier, 1959). In the primary study, 84 percent had fewer 
than ten nevi and only 3 percent had more than twenty nevi. The most fre- 
quently retained nevi were found about the scalp, face and neck and were 
only lightly pigmented or were flesh-colored. These observations are supported 
by the marked decrease seen in the longitudinal analysis, particularly in the 
percentage of subjects with ten or more nevi decreasing from 15 percent to 
only 7 percent. 

Three of the six conditions studied were associated with reduced longevity 
—asteatosis, scrotal angiomas, and nevi. Loss of the ability of the skin to 
retain fluids resulting in the dry, parched appearance of advanced age seems 
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to reflect the loss of competence of the epidermal cellular system most ex- 
posed to the environment and its many stimuli. In particular, the influence of 
external sources of hydration, or lack of it, is enhanced (Sams, 1951), re- 
sulting in the loss of suppleness and flexibility. Thus, severe asteatosis may be 
a sign of decline before death. 

Weakness in the walls of the small blood vessels of the scrotum may have 
a basis in the individual’s inheritance. This weakness appears to be empha- 
sized with advanced age. Since vascular accidents, particularly in the cerebral 
areas, are a major cause of death in elderly persons, the observation of many 
scrotal angiomas could also be interpreted as a sign of approaching decline 
and death. 

The association of many nevi with reduced longevity is more difficult to 
interpret. It may be merely a chance association or it may be an indication 
that the total immune competence of these individuals with many nevi has 
declined, which may be related to earlier death (see Buckley and Dorsey, 
pp. 6-17 in this volume). 


Summary 


Sixty-nine elderly subjects were completely examined dermatologically in 
1960-1961 and again in 1970-1972. Incidences of lesions and degrees of 
conditions were carefully recorded to determine, if possible, any relationship 
with shortened or enhanced life span. Asteatosis, scrotal angiomas, and nevi 
appeared to be associated with a relatively shortened life expectancy. The 
first two findings increased with advancing age, while nevi decreased. It is 
possible that severe asteatosis, large numbers of scrotal angiomas, and re- 
tention of nevi are signs of decline and approaching death. 
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Longitudinal Evaluation of Ocular Function Banks Ander- 
son, Jr., and Erdman Palmore 


Introduction 


It is common knowledge that many changes in visual function are age re- 
lated. Those of you who read these lines through a bifocal lens or with read- 
ing glasses donned for the purpose are ill-equipped to dispute this assertion. 
Although few aging changes are so linear over so long a span as the loss of 
accommodation (Figure 2—3), cataract, glaucoma, and macular degeneration 
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all become more common with advancing age. As defined by legal blindness* 
visual incapacity increases strikingly after age 64 (Figure 2-4). Age has been 
correlated with loss of vision in several studies (National Society for the 
Prevention of Blindness, 1966; U.S. National Health Survey, 1968), but few 
data exist concerning the changes in a given population over time and there 
are almost no longitudinal data on aged populations. As a part of the Duke 
first longitudinal study, panelists received ocular examinations, and data con- 
cerning changes in vision and ocular status over time have been obtained. 
Because of the simultaneous collection of other longitudinal data, it has been 
possible to correlate these ocular findings with longevity and social and psy- 
chological parameters. 


* Best corrected vision in the better eye 20/200 or worse or visual field limited to 
20° in its greatest diameter. 
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Figure 2-4. Estimated prevalence 
of legal blindness by age, U.S., 
1962. NSPB-1966. 


Methods 


All ocular examinations were performed at the Duke University Medical 
Center. The panelists were escorted to the examining facility and seated in 
an examining chair. Visual acuity was obtained with and without the glasses 
worn by the patient testing each eye separately. Distance acuity was obtained 
from a Snellen chart projected at a distance of 20 feet. Reading vision was 
determined by allowing the patient to hold a graduated reading card under a 
60-watt reflector lamp at the distance of his choice. Intraocular tensions were 
measured with the Goldmann applanation tonometer after corneal anesthesia 
with 0.5 percent proparacaine hydrochloride. The anterior segment of the eye 
was examined with a Zeiss slit lamp biomicroscope and the retina evaluated 
with a hand-held transformer-powered direct ophthalmoscope. 

Although routine refractions were not performed, in cases of gross error, 
panelists were made aware of our findings and in some instances given pre- 
scriptions for new glasses. (In other cases cataracts were the cause of marked 
visual impairment and surgery was advised.) The data were recorded by 
circling numbers on the previously prepared examination form designed to 
allow computer storage and retrieval. This system of data recording was 
limiting in terms of possible descriptive alternatives: For example, visual 
acuities between 20/50 and 20/80 were recorded by circling the same number 
and could therefore not be discriminated. (Codes for the variables reported in 
this paper are summarized in an appendix at the end of the paper.) 

Data concerning glaucoma, cataract, cornea guttata, and asteroid hyalitis 
are reported in this study. The patients were considered to have glaucoma if 
intraocular pressures of 26 or above were recorded or if they reported a 
previous diagnosis of glaucoma and were using glaucoma medication. Cataract 
was diagnosed if the patient had previously had cataract surgery or if an 
immature, mature, or hypermature cataract or marked nuclear sclerosis was 
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present. Peripheral opacities, vacuoles, and incipient cataracts were not 
considered as “cataracts” for the purpose of this study. 

Cornea guttata refers to the occurrence of drop-like deposits on Descemet’s 
membrane in the posterior endothelial layer of the cornea. Sometimes called 
Henle’s warts, these deposits are almost invariably seen in the periphery after 
age 60. The panelists were not considered to have cornea guttata for the 
purposes of this study if only a few peripheral endothelial guttata were noted. 
Central occurrence was listed as “moderate” and if it appeared that a function 
of the endothelial layer might be affected, the condition was called “marked.” 
These determinations were made by slit lamp evaluation of the cornea and 
panelists were said to have cornea guttata if either moderate or marked 
guttata were noted. 

Asteroid hyalitis refers to the occurrence of yellowish-white vitreous 
opacities which chemically seem to be deposits of calcium soaps. Sometimes 
called asteroid hyalosis, the condition is not inflammatory in origin and does 
seem to be more prevalent in aged populations. The mean age of a group 
studied by Jervey and Anderson (1965) was 65 while in a series of patients 
reported by Luxenberg and Sime (1969) the mean age was 71. The age range 
in the first group was 48 to 87 and in the second 42 to 96 years. 

The longevity quotient is the number of years survived after the first ex- 
amination, divided by the expected years remaining after the first examination 
based on actuarial tables of life expectancy by age, race, and sex. The longevity 
quotient thus standardizes for the known effects of age, race, and sex on 
longevity. (For more details, see “Predicting Longevity” in chapter 8.) 

The three activity self-ratings in the areas of primary groups, leisure, 
and work were derived from questions in “Your Activities and Attitudes” 
(Burgess, 1949) and the scores ranged from 0 to 10. The score on primary 
group activities is based on questions dealing with living arrangements and 
frequency of contact with family and friends. The leisure activity score is 
based on number of leisure activities, time spent reading, and activity in 
organizations. The work activity score is based on the amount of current em- 
ployment or housework and whether consumption had to be curtailed because 
of retirement or lowered income. 

The five social worker ratings of primary group activities, secondary 
group activities, emotional security, status feelings, and happiness were 
10-point scales ranging from O for the lowest activity or feeling to 9 for the 
highest. 


Results 


The panelists’ corrected best distance vision in the better eye at their 
first examination is recorded in Table 2—7. These cross-sectional data il- 
lustrate the increased frequency of poor vision in panelists over 70. While 
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Table 2-7. Corrected best distance vision in the better eye 
(initial examination). 


Age group (%) 
60-69 70-79 80+ Total N 


20/20 or better 57 27 14 40 
20/25 25 29 23 26 
20/30-20/40 10 30 27 20 
20/50 or worse 8 14 36 14 
N 101 90 22 213 


over half of those between 60 and 69 years had normal vision (20/20 or 
better), only one quarter of those between 70 and 79 and only 14 percent of 
those over 80 could read this line with the better eye. Although the age 
groupings in the 1960 to 1962 National Health Survey differ, these cross- 
sectional data are quite similar (Table 2-8). The corrected distance vision in 
the better eye was on the whole slightly lower in the National Health Survey 
for comparable ages. This may reflect a greater orientation toward health 
care in our volunteer panel and the fact that this panel was generally some- 
what above average in most dimensions. A visual acuity of 20/50 or worse 
indicates a definite impairment. Newspaper print becomes difficult to read 
with vision at this level and most states begin to impose restrictions upon 
driving when vision is impaired to this degree. While only 8 percent of our 
panelists in the 60 to 69 group were in this category, 36 percent of those 80 
and above were so impaired. In addition to visual acuity, the incidence of 
cataract, glaucoma, cornea guttata, and asteroid hyalitis at the time of this 
first examination is summarized in Table 2-9. Cataract was by far the most 
common finding and seemed to account for roughly one-half of the reduction 
in acuity to levels of 20/50 or below at every age level (as compared with 
the percent figure for those having the worse eye 20/50 or poorer). 

In the National Health Survey from 1960 to 1962 a notation was made 
as to whether lens opacities were or were not present (U.S. National Health 


Table 2-8. Corrected best distance vision in the better 
eye (National Health Survey).* 


Age group (%) 
55-64 65-74 75-79 
20/20 or better 39.8 26.1 10.1 
20/30-20/40 51.4 55.6 58.9 
20/50 or worse 8.8 18.2 30.8 


* U.S. National Health Survey, April 1968. 
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Table 2-9. Ocular findings at initial examination by age (percent). 


Finding 60-69 70-79 80+- Total Sample N 
Cataracts 9 18 36 16 260 
Glaucoma 3 1 0 2 260 
Cornea guttata 3 2 9 3 260 
Asteroid hyalitis 3 4 3 3 260 
Best eye 20/50 

or worse 8 14 36 14 213 
Worst eye 20/50 
or worse 19 39 50 31 213 


Survey, March 1968). A split lamp was not used and the pupils were not 
dilated. Presumably therefore, the subjects would have to have significant 
cataractous lens changes in order to be designated as having lens opacities. 
In spite of the differences in examination techniques, the data from this survey 
are quite comparable (Table 2-10). 


Table 2-10. Lens opacities found in National Health 
Survey, 1960-1962.* 


Age (%) 
Sex Eye 55-64 65-74 75-19 
Men right 8.9 10.6 25.9 
left 10.3 11.0 221 
Women right 6.6 19.7 33.6 
left 7.0 20.4 37.0 
Mean assuming all 
categories equal 8.2 15.4 29.8 


* U.S. National Health Survey, March, 1968. 


An incidence of glaucoma of 3 percent at age 60 to 69 and | percent at 
70 to 79 was found initially. In a 1959 survey of 10,000 healthy workers and 
their relatives, Leydhecker found the incidence of glaucoma to be 2.3 percent 
in the population over 40 (Leydhecker, 1959). The age and sex relation- 
ships are shown in Table 2-11. In that population, glaucoma was twice as 
common in men at every age and was more common in older individuals. 
Although our cross-sectional data do not demonstrate an increased incidence 
in older individuals, the longitudinal data (see below) do show such a trend. 


Table 2-11. Occurrence of glaucoma by age group (Leydhecker, 1959). 
20-29 30-39 40-49 50-59 60-69 Totalafter 40 
Men 0.43 0.80 1.74 Sali 5:08) 2.72 


Women 0.20 0.40 0.75 17S) 1.07 
Total 0.35 0.65 1.45 2.84 4.48 2.31 
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Cornea guttata was more prevalent after age 80, but there were no clear-cut 
changes in the incidence of asteroid hyalitis. 


Longitudinal Data 


The many advantages of the longitudinal approach to characterization 
of community samples such as ours have previously been discussed (chapter 
1). One such advantage of particular importance in this study was the con- 
tinued participation of many of our volunteers after chronic illness had inter- 
vened. Presumably many of these subjects might not have volunteered to 
come in for study save that they had been recruited years before when rela- 
tively healthy. These data, therefore, probably more accurately reflect the 
composition of an ambulatory aged community population than do the initial 
cross-sectional parameters discussed above. 

The results of our longitudinal data cannot be compared with that of other 
populations since we have been unable to find any other such data. The 
number of panelists studied was smaller (N = 93) than in the cross-sectional 
group since the requirement for inclusion was a series of observations ex- 
tending over a period of at least ten years. 

Table 2—12 summarizes the ocular findings of the group observed longitu- 
dinally by age group. This table presents the differences between the per- 
centage observed initially and the percentage observed in the same group ten 
years later, for two age groups. The first column presents the differences for 
those initially age 60-69 (who were age 70-79 ten years later), and the 
second column presents the differences for those initially age 70-80 (who 
were age 80—90 ten years later). 

The most striking findings are the increases in glaucoma and cornea 
guttata and the marked decrement in visual acuity. The increases in cataracts 
and in asteroid hyalitis were relatively small. Comparing these longitudinal 
differences with the cross-sectional differences seems to indicate that glaucoma 
and cornea guttata increase more longitudinally in the normal aged who 
survive ten or more years than cross-sectional analysis would indicate. Con- 


Table 2-12. Change in ocular findings of group 
observed longitudinally by age. 


Age at initial observation 


Finding 60-69 70-80 
Cataracts 0 + 3 
Glaucoma +9 + 5 
Cornea guttata +7 +19 
Asteroid hyalitis 0 + 2 
Best eye 20/50 or worse +13 +32 


Worst eye 20/50 or worse +18 +58 
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versely, cataracts do not seem to increase longitudinally in such a relatively 
healthy group as much as cross-sectional age comparisons would indicate. 

This led to an analysis to determine if vision was related to longevity and 
social variables such as participation in group activities, emotional security, 
and status feelings. Accordingly those individuals whose best distance vision 
was 20/50 or worse were compared with the other panelists with better 
vision. The results are outlined in Table 2-13. There was no significant dif- 
ference in longevity quotient, self-rated primary group activities, or happiness. 
However, poorer vision was related to lower leisure activities, work activities, 
group activities, status feelings and to a lesser extent, emotional security. 


Table 2-13. Vision, longevity, social variables. 


Best distance 20/50 


or worse Others 
Variable (N = 29) (N = 184) Probability * 

Longevity quotient nei 1.19 NS 
Self-ratings 

Primary group activities 6.1 6.4 NS 

Leisure activities 6.0 Ural <.01 

Work activities 4.4 6.3 <.01 
Social worker ratings 

Primary group activities Sr es <.01 

Secondary group activities 3.6 4.5 <0) 

Emotional security 3.9 4.6 <.05 

Status feelings 4.6 5.4 <.02 

Happiness 3.6 3.6 NS 


* One-tailed ¢ test. 


The difference in primary group activity was more apparent when rated by 
the social worker whereas the individuals themselves seemed less aware of this 
difference. 

Another subgroup, individuals with asteroid hyalitis, was compared to 
those without hyalitis. Although the group was small (N = 8) a similar 
analysis was performed (Table 2-14). The only parameter in which this 
group differed very significantly from the rest was in social worker rated 
primary group activity. Intuitively, one would assume that asteroid hyalitis 
would have no effect on longevity or social variables unless it were associated 
with marked visual decrement, which was seldom the case. Those with each 
of the other conditions studied (cataracts, glaucoma, and cornea guttata) 
were also compared with those not having the condition for each of the nine 
variables in Tables 2-13 and 2-14. These comparisons showed little or no 
significant difference. Thus, it appears that these conditions do not impair 
activity, attitudes or longevity unless they result in substantial visual loss in 
both eyes (as in Table 2-13). Even then, there seems to be no significant ef- 
fect on longevity or over-all happiness. 
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Table 2-14. Hyalitis, longevity, social variables. 


Persons with 


hyalitis Others 
Variable (N = 8) (N = 247) Probability * 

Longevity quotient .96 1.14 NS 
Self-ratings 

Primary group activities 5.3 6.3 <.10 

Leisure activities a) 6.8 <.05 

Work activities Sel 5.9 NS 
Social worker ratings 

Primary group activities 4.7 6.9 <.01 

Secondary group activities 3:5 4.4 <.05 

Emotional security 3.4 4.5 <.05 

Status feelings 4.6 S13 NS 

Happiness 2.4 3.6 <.02 


* One-tailed rf test. 


Summary 


In this study, ocular function has been evaluated longitudinally and cross- 
sectionally as well as correlated with longevity and social variables. In the 
cross-sectional analysis a best corrected vision of 20/50 or worse occurred in 
8 percent of those aged 60 to 69, 14 percent of those 70 to 79 and 36 per- 
cent of those over 80. The longitudinal analysis found increases in this per- 
centage of 13 points for those initially 60-69 and increases of 32 points for 
those initially 70-80. This marked decrement in visual function has wide- 
spread implications in any discussion of habilitation of aged populations. The 
incidence of glaucoma increased longitudinally with age as did the incidence 
of cornea guttata. The incidence and increase in number of cataracts was 
less in the longitudinal analysis than in the cross-sectional. An explanation 
for this discrepancy may be the above average nature of those who returned 
ten years later and thus were available for longitudinal analysis. There was 
little association found between the specific conditions and the longevity and 
social variables but there were several significant relationships when cor- 
rected best eye vision was 20/50 or worse. Thus specific ocular conditions 
seem not generally related to impaired activity or attitudes unless they cause 
a substantial deterioration in the vision of both eyes. 


Appendix 


Corrected Visual Acuity Coding Alternatives 


20/15 20/100-20/200 
20/20 20/300-20/400 
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20/25 Counting fingers at 6 ft with good light projection 
20/30-—20/40 Counting fingers at 6 ft with faulty LP 
20/50-—20/60 Hand motions with good LP 

20/70-20/80 Hand motions with poor LP 


Intraocular Pressure Coding Alternatives (mm Hg) 


10 or less 31-35 

11-15 Greater than 35 

16-20 Tactile tension normal 
21-25 Tactile tension soft 
26-30 Tactile tension elevated 


Corneal Gutatta Coding Alternatives 


Few or occasional endothelial gutatta 
Moderate endothelial gutatta 
Marked endothelial gutatta 
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Auditory Changes Carl Eisdorfer and Frances Wilkie 


Hearing loss is one of the major problems of the aged. Most studies of 
hearing patterns give the results of a cross-sectional study of populations. 


Reprinted by permission from Journal of American Geriatrics Society, 20:377-382, 
1972. 
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This report is essentially a follow-up study of changes in hearing thresholds 
among aged individuals. 

Findings on hearing levels for audiometric pure-tones and for speech 
material are presented by age, sex, and race. The project was not designed 
specifically to investigate hearing levels among the aged, but rather each 
evaluation included a hearing test as well as physical, psychological, sociologi- 
cal, and various laboratory studies (Busse, 1965). 


Method 


Subjects 


The subjects were 92 (out of 271) participants in a multidisciplinary, 
longitudinal study of ambulatory community volunteers at the Duke Uni- 
versity Center for the Study of Aging and Human Development. The size of 
the present sample was determined by the number of subjects for whom 
measurements were available on two hearing tests separated by a seven-year 
period. sav. 

Based upon their age at entering the program, in the present sample there 
were 56 subjects initially examined in their 60s and 36 subjects initially ex- 
amined in their 70s, who completed the seven-year follow-up study. Among 
those subjects initially in their 60s, 38 were white (13 men and 25 women) 
and 18 were black (8 men and 10 women). Among those subjects initially 
in their 70s, 27 were white (14 men and 13 women) and 9 were black (6 
men and 3 women). 


Procedures 


Hearing thresholds for the right and left ear were determined individually 
by using air-conduction THD-39 earphones with a standard pure-tone 
MAICO model H-1B audiometer at six frequencies—500, 1000, 2000, 3000, 
4000, and 6000 cycles per second (cps.). The audiometer was factory 
calibrated and checked periodically in accordance with the 1951 American 
Standards Association (ASA) specifications. A one-way mirror allowed the 
examiner to view the subject in the testing chamber and a two-way voice 
communication system was provided. In this report, we define threshold as 
the lowest intensity of a pure-tone just audible to the examinee. During the 
pure-tone testing, the subject signalled having heard the tone by raising his 
hand. 

Speech discrimination levels were based on the recorded list of spondee 
words, presented a 1000 cps. Each word had two syllables, each equally 
stressed (i.e., baseball and railroad). A carrier phrase introduced each word 
and instructed the subject to “say the word.” An individual’s threshold (of 
intelligibility ) for speech was defined as the level at which the subject could 
repeat correctly 50 percent of the test material presented to him. 
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In accordance with previous work (Corso, 1963) combined mean thresh- 
olds for both ears are presented at each frequency from 500 to 6000 cps. with 
the realization that this is somewhat artificial; however, it serves as a useful 
comparison. In that regard, it should be noted that there were only minor 
differences (ranging from 0.1 to 3.3 db.) between the average thresholds for 
the right and left ears. 

In addition to the thresholds for the spondee words, a pure-tone esti- 
mated hearing level for speech was obtained by averaging thresholds at 
500, 1000, and 2000 cps., the frequencies generally considered most essential 
for speech reception (Committee on Medical Rating of Physical Impairment, 
1961; Committee on Conservation of Hearing, 1959). Further, with findings 
limited to the “better” ear, the percent of impairment is reported in the pure- 
tone estimated hearing range for speech reception. The following classification 
(Special Committee on Aging, 1968) of converted ASA standards was used: 
“normal” hearing (i.e., thresholds less than 15 db.), “slight impairment” (i.e., 
thresholds between 15—35 db.), and “severe hearing impairment” (i.e., thresh- 
olds greater than 35 db.). 

A series of analyses of variance and chi-square techniques was used to 
examine the age, sex, and racial differences in hearing levels. 


Results 


Figure 2—5 shows the age differences in pure-tone thresholds expressed as 
decibel deviations from audiometric zero at frequencies from 500 through 
6000 cps. Group 1 includes those subjects initially in their 60s and group 2 
those subjects initially in their 70s with the mean ages given at tests 1 and 3. 
Beginning at 1000 cps. and above, hearing acuity diminished significantly with 
increasing age in both groups, with the greatest loss found at the high fre- 
quencies. During the follow-up period, the magnitude of change in hearing 
levels was approximately the same for both groups. The average change over 
time was: =2:5, —6.9;, —8:4, —8:1, —7.2, and) —10'5 dbs at sega 
2000, 3000, 4000, and 6000 cps., respectively. 

Figure 2-6 shows the threshold levels for the spondee words as well as 
the estimated speech thresholds based on the average thresholds for 500, 
1000, and 2000 cps. For both groups, the initial estimated speech thresholds 
were 6 db. lower than the spondee word thresholds. Within both groups, the 
estimated levels for speech reception tended to decline over time between 
tests 1 and 3, while the hearing levels for the spondee words remained stable. 

Figure 2—7 shows the data based on the thresholds limited to the “better” 
ear. It gives the percent of examinees at each testing with “normal” hearing, 
the percent with slight hearing impairment, and the percent with severe hear- 
ing impairment in the estimated pure-tone speech reception range. For our 
younger subjects, as age progressed from a mean of 67 to 74 years, the 
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Figure 2-5. Average hearing threshold levels for group 1 (subjects initially 
examined at age 60 to 69 years) and for group 2 (subjects initially examined 
at age 70 to 79 years) at tests I and 3. 


percentage with “normal” hearing declined by 17 percent (i.e., from 63 per- 
cent to 46). Slight impairments increased by 14 percent (i.e., from 33 percent 
to 47 percent) and severe impairments increased from 4 percent to 7 percent. 
For those subjects moving from a mean of 75 to 82 years, the percentage 
with “normal” hearing decreased by 11 percent (i.e., from 42 percent to 31 
percent), the proportion with slight impairments remained stable at about 
40 percent, while severe impairments increased by 12 percent (i.e., from 
17 percent to 29 percent). 

Figure 2-8 shows the difference in hearing levels between men and 
women, independent of age since the Sex-by-Age interaction was not signifi- 
cant. At both hearing tests, women tended to have poorer hearing than men 
at 500 and 1000 cps., while men had significantly worse hearing than women 
initially at 3000 and 4000 cps., and at the follow-up study at 4000 and 6000 
cps. At the higher frequencies, hearing loss appears to occur at an earlier 
age among men than women by about 6 years. For both sexes, with increasing 
age there is a decrease in hearing sensitivity with women having a significantly 
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Figure 2-6. The average estimated hearing threshold levels for speech 
(average of pure-tone levels at 500, 1000, and 2000 cycles per second) and 
the average hearing threshold levels for spondee words for age groups I and 
2 at tests I and 3. 
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Figure 2-7. The percent of examinees in group I (subjects initially examined 
at age 60 to 69 years) and in group 2 (subjects initially examined at age 
70 to 79 years) who had “normal” hearing, slight, or severe hearing im- 
pairment in the “better” ear at the pure-tone estimated speech reception 
range at tests I and 3. 
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Figure 2-8. The average hearing threshold levels for the total sample of 
men and women at tests I and 3. 


greater loss than men at only one of the six frequencies (i.e., 3000 cps.) and 
at 500, 1000, and 2000 cps. only when these frequencies were averaged to 
represent the estimated hearing level for speech. 

Figure 2—9 gives the data for the proportion of hearing impairment for 
men and women for the “better” ear in the pure-tone estimated range for 
speech reception. Within our younger group, significant differences emerged 
between men and women at the follow-up study and were also found at both 
testings for the older group. It would appear that from about age 74 on, 
“normal” hearing was more prevalent among men than women. Particularly 
at the older age, slight impairments were more prevalent among women than 
men. In contrast, hearing levels for the spondee words did not yield significant 
sex differences, although across time women tended to have a greater loss 
than men. 

Figure 2—10 shows the racial differences in hearing levels independent of 
age. At each evaluation, blacks had significantly better hearing than whites 
at all frequencies. Further, at the higher frequencies, whites appeared to 
develop worse hearing at an earlier age than blacks by about six years. Across 
the seven-year period, blacks had a significantly greater loss than whites only 
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Figure 2-9. The percent of men (M) and women (F) in age groups I and 2 
who had “normal” hearing, slight, or severe hearing impairment in the “better” 
ear at the pure-tone estimated speech reception range at tests I and 3. 
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Figure 2-10. The average hearing threshold levels for the total sample of 
white and black subjects at tests 1 and 3. 
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Figure 2-11. The percent of white (W) and black (B) subjects in age 
groups I and 2 who had “normal” hearing, slight, or severe hearing impair- 
ment in the “better” ear at the pure-tone estimated speech reception range 
at tests I and 3. 


at 4000 cps. It is important to note that black men within both the young 
and old age groups tended to have hearing levels similar to women of both 
races, with white men having the poorest hearing particularly at the higher 
frequencies. 

Figure 2—11 shows the data on hearing deficits for the “better” ear in the 
pure-tone estimated speech reception range for blacks and whites. “Normal” 
hearing was significantly more prevalent among blacks than whites at both 
tests for both age groups. Slight impairments were more prevalent among 
whites at the younger age and severe impairments were more prevalent 
among whites at the older age than among blacks. At frequencies of 3000 cps. 
and higher, for the “better” ear hearing impairments were more prevalent 
among whites than blacks. 

Further, at both evaluations, the blacks had better hearing for the actual 
speech material (i.e., spondee words) than did the whites. 


Discussion 


In contrast to most studies of hearing patterns which were based on cross- 
sectional samples, this report was a seven-year follow-up of changes in hear- 
ing levels among the same 92 individuals initially seen at ages 60 to 79 years. 

As expected, hearing acuity diminishes with increasing age. It is of some 
interest to note that the increasing magnitude of the hearing loss across the 
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seven-year period for our younger subjects, who advanced in average age 
from 67 to 74 years, was approximately the same as that for our older sub- 
jects aging from an average of 75 to 82 years. While previous findings 
(Pestalozza et al., 1955) suggested that hearing levels for easy speech ma- 
terial (i.e., spondee words) would be worse than expected from pure-tone 
audiograms among the aged, we found this to be true at the initial but not at 
the follow-up study. Further, while the estimated pure-tone hearing levels for 
speech (i.e., the average of 500, 1000, and 2000 cps.) became worse during 
the follow-up period, the hearing levels for the spondee words remained 
stable, suggesting that hearing levels for easy speech material may be in- 
fluenced by practice effects since this test was given three times during the 
seven-year period. 

Consistent with previous findings, we found women had better hearing 
than men at the higher frequencies. However, in contrast to the National 
Health Survey findings of 1960-62 (National Center for Health Statistics, 
1965) we found sex differences in the estimated pure-tone hearing levels for 
speech for the “better” ear, with “normal” hearing more prevalent among 
men than women beginning at about age 74. During the follow-up period, 
women had a greater hearing loss than men only at 3000 cps. and in their 
pure-tone estimated hearing levels for speech. 

Although the National Health Survey of 1960-1962 (National Center for 
Health Statistics, 1967) found that independent of age, blacks and particularly 
black men had better hearing than whites, when age was taken into account 
it appeared that past age 55 they found no racial differences at frequencies of 
3000 cps. and higher for the “better” ear. In contrast, in this study we found 
at each evaluation that blacks and particularly black men had superior hear- 
ing to their white counterparts at the low as well as at the high frequencies 
with findings based on the average thresholds for both ears as well as for the 
“better” ear. Although these racial differences may be due to a variety of 
factors, we suspect that in large part it could be reflecting differences in the 
previous history of exposure to noise. The biases which may come from the 
rural history of many subjects in this sample and the limited number of 
aged black men should also be considered but the finding seems worthy of 
further exploration. 
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Chapter 3. Health Care 


This chapter deals with various aspects of health care which may affect 
health levels among the normal aged, which in turn may affect the process of 
aging itself. The first article reports that the advent of medicare had little 
effect on the overall rate of physicians’ visits and hospitalization but did 
change the means of meeting medical expenses, especially among lower in- 
come groups. 

The second article shows that the health practices of exercise, weight con- 
trol, and avoiding cigarettes were followed by less illness and greater longevity. 
The third paper compares the panelists’ own health assessment with that of 
physicians and reports a general congruence, although there are more who 
overestimate their health than there are who underestimate it. The next re- 
port finds that regardless of age and sex, there are significant relationships be- 
tween obesity and various measures of cardiovascular disease risk. 

The study of vitamin B,» levels among both normal aged and psychiatric 
patients found an increase with age. Furthermore, there appear to be sub- 
stantial numbers of normal aged persons who have low levels of vitamin B2 
without suffering any particular ill effects from it. 

Finally, the study of anxiety was highest immediately before the examina- 
tion and tended to subside during and after the examination. Women had 
higher initial anxiety, possibly because the physician was male. 


Health Care Before and After Medicare Erdman Palmore 
and Frances C. Jeffers 


The debate over Medicare (Health Insurance for the Aged) produced 
conflicting predictions about its effects. Opponents of the program warned 
that it would sharply increase medical care utilization and costs among the 
aged. Proponents of Medicare argued that it would increase over-all medical 
care among the aged by only small amounts but that it would ease the 
financial burden of health care for the aged, that it would improve the health 
care of low-income aged, and would improve the health of the aged in general 
(Fister, 1963; House Hearings, 1964, 1965; Mishell, 1962; US News, 1964). 

It is already clear that the federal costs of Medicare are about double the 
estimated costs made in 1965 when Medicare was enacted. The federal costs 
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of the Hospital Insurance Plan (Part A) have jumped from an original pro- 
jection of $3.1 billion to a current estimate of $5.8 billion. The federal costs 
of the Medical Insurance Plan (Part B) will have increased from $623 
million in fiscal year 1967 to an estimated $1,245 million in fiscal year 1971 
(U.S. Senate Committee on Finance, 1970). 

Similarly, total expenditures for personal health care among those 65 and 
over almost doubled from $7.8 billion in 1966 to $13.5 billion in 1969 
(Cooper, 1970). However, most of this increased cost is not due to increased 
utilization. About half of the increased cost was caused by increased prices 
and about 10 percent was caused by the increased number of persons 65 and 
over. When both increased prices and increased population were controlled 
for, there remained a 36 percent increase in medical expenditures between 
1966 and 1969, most of which presumably is attributable to increased utiliza- 
tion and higher levels of care (Cooper, 1970). 

However, at the time of this writing, complete and comprehensive na- 
tional data on the impact on utilization of Medicare are not yet available. The 
Social Security Administration plans to release such data based on two studies: 
the 1968 Survey of the Aged, which can be compared with the 1963 Survey 
of the Aged, and a study by the School of Public Health and Administrative 
Medicine of Columbia University. 

In the meantime, the available scattered and somewhat conflicting evi- 
dence indicates that there have been either no increases or moderate increases 
in physician visits for the aged since Medicare, but that there were increases 
of between 11 percent to 20 percent in hospitalization. For example, the 
data from the Health Interview Survey indicated that there was a slight de- 
crease in the average number of physician visits among persons 65 or over 
during the year after Medicare began (July 1966—June 1967) compared to 
earlier years (Ahmed, 1968). By contrast, the National Disease and Thera- 
peutic Index estimates that visits by aged patients to physicians in the year 
ending June 30, 1968, were up by about 12 percent compared to the year 
before Medicare (Lea Associates, 1968). 

As for hospital utilization, the Health Interview Survey shows an 11 per- 
cent increase during the year after Medicare in discharges from short-stay 
hospitals and a 20 percent increase in days of hospital care (Ahmed, 1968). 
This is supported by a study of 300 short-term general hospitals, which found 
an increase of 17 percent in admissions of the aged in 1967 compared to 1965 
(Commission on Professional and Hospital Activities, 1968). Similarly, a 
continuing survey of 656 short-term general and special hospitals shows a 
13 percent increase in admissions for those 65 or over in July 1968—June 
1969 compared to admissions 2 years earlier (Hospital Indicators, 1968). 

There are several difficulties with such statistics. Cross-sectional sample 
surveys do not include the same persons at two points in time. Thus, dif- 
ferences between surveys before and after Medicare may be partly due to 
chance variations in the samples surveyed (sampling error) and partly due to 
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changes in the composition of the target population (some of the persons in 
the earlier population have died and new persons who have turned 65 have 
been added). Second, the statistics available so far do not allow examination of 
changes within subgroups, such as differences between the lower and higher 
socioeconomic groups. It might be expected, for example, that Medicare had 
a greater impact on the lower socioeconomic groups who could not otherwise 
have afforded as much medical care. 

This paper reports changes in medical care in a small but intensive longitu- 
dinal study which allows comparisons of medical care before and after Medi- 
care among the same individuals and permits examination of the medical 
care changes separately for manual and nonmanual occupational groups. 


Methods 


Subjects 


The data for this report are derived from a longitudinal, interdisciplinary 
study of aging which began in 1954 with 271 community volunteers aged 60 
and over at that time (Palmore, 1970). The 81 participants included in this 
report were those who had survived and who returned for the second series 
of examinations in 1959-1961 and who subsequently had survived to return 
for the fifth series of examinations in 1968. Thus, we have comparable data 
on the same individuals over the 8-year span before and after the advent of 
Medicare in July 1966. All the participants were over age 65 by 1966 and 
thus were included in the Hospital Insurance Plan of Medicare (Part A) and 
most were included also in the Medicare Insurance Plan (Part B). 

By 1966 these subjects ranged in age from 69 to 89, with a mean age of 
77. Thirty-eight of the participants were men and 43 were women. All were 
ambulatory, noninstitutionalized residents of the central North Carolina area. 
The initial panel did not constitute a random sample, but did approximate 
the sex, racial, and occupational distribution of this geographic area. How- 
ever, analysis of selection and attrition factors indicates that the panelists who 
survived were actually a social, psychological, and physical elite among the 
aged (Maddox, 1962). Thus they may represent mainly the above-average 
aged in the area. However, since longitudinal analysis uses each person as his 
own control and examines changes in the same persons over time rather than 
using different samples at different times, the degree to which the sample 
represents the universe at each point in time is less critical than in cross- 
sectional studies. That is, the observed differences in health care before and 
after Medicare in this study cannot be due to chance variation in the samples 
surveyed, as may be the case in two different cross-section surveys. 

Nevertheless, it should be recognized that since these 81 survivors are an 
above average group compared to the total aged population, these findings 
may not be representative of the total aged group. Nonsurvivors and other 
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below average aged may well have used more medical care. On the other hand, 
they probably used more medical care before and after the advent of Medi- 
care. We do not know whether their increase in medical care was greater than 
among the survivors. There are theoretical grounds for guessing either way. 
Perhaps the forthcoming Social Security data can answer this question. In the 
meantime, caution should be used in generalizing our findings. 


Variables 


There are basically five indicators of health and medical care changes used 
in this study. The first is a Physical Functioning Rating (PFR) given by the 
examining physician on the basis of the medical history, the physical and 
neurological examination, audiogram, chest X-ray, electroencephalogram, 
electrocardiogram, and laboratory studies of the blood and urine. The scores 
used in this analysis range from 0 for no pathology to 5 for total disability. 
The cutting point used for the percentage with moderate to severe disability 
was a rating of 3 or greater, which indicates a limitation in physical function- 
ing of 21 percent or greater. 

The number of physician’s visits in the past 2 years was determined by 
responses to the question, “In the past 2 years have you seen a doctor? No, 
once, 2 to 5 times, 6 to 10 times, 10 to 20 times, more than 20 times?” This 
question was interpreted to include any contacts with physicians, either 
private, family, or company doctor, in the home, office, or clinic. The mean 
number of physician’s visits was computed by assigning scores equal to the 
midpoint of the intervals and averaging these midpoints (eight persons were 
not included in the tabulations of number of physician’s visits because of lack 
of information on this item in one or the other of the two studies). 

The percentage hospitalized in the 12 months prior to examination was 
obtained from the medical history taken by the physician (six persons were 
not included in these tabulations because of incomplete information in one 
of the two studies). 

The means of paying for medical expenses was taken from responses to 
the question, “How did you meet the expenses of your illnesses in the past 
2 years?” Persons with no medical expenses during the past 2 years were 
omitted from these tabulations. Those paying for medical expenses with their 
own resources only were those who met these costs from their income or 
savings without assistance from health insurance, public assistance, other 
agencies, from relatives, friends, or by borrowing money. Those who paid by 
means of health insurance were those who paid part or all of their medical 
expenses through Medicare, commercial health insurance plans, or through 
company health insurance plans. 

The manual-nonmanual dichotomy was an attempt to distinguish be- 
tween those persons in the lower socioeconomic groups (manual) and those 
in the upper socioeconomic groups (nonmanual), based on the principal life- 
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time occupation of the head of the household. The manual group included 
skilled craftsmen, foremen, operatives, service workers, unskilled workers, 
and farm laborers. The nonmanual group included professionals, managers 
and proprietors, farmers who classify as proprietors or managers (owning or 
managing 100 or more acres), clerical or sales workers, and technicians. 


Tests of significance 


Even though the sample was not a random one, standard tests of statistical 
significance were applied to gain some information on the probability that the 
differences noted might be statistically significant. The tests used were non- 
parametric in order to avoid assumptions about the distribution of these 
characteristics in the larger universe of aged persons. The tests for significance 
of the differences between mean PFR and the differences between mean 
number of physician’s visits was the standard t test for repeated observations 
on the same sample. The test for significance of changes in the percentage 
with PFR of moderate to severe disability, the percentage with 6+ visits to 
physicians, and the percentage hospitalized in the last year was the McNemar 
test for significance of changes based on the x’ test, with correction for con- 
tinuity. The test for significance of changes in means of paying for medical 
expenses was simply the ,’ test for independent samples. It was necessary to 
use this test rather than the McNemar test because the two bases for the per- 
centage paying for medical care shifted, depending on whether the persons 
had illness or not during the past 2 years. This is a somewhat more conserva- 
tive test than the McNemar test because it increases the variance involved. 
Thus any statistical significance found using this test would be greater if the 
bases for the two studies had been exactly the same persons at the two points 
in time. 


Observations and Discussion 


There were no significant changes in the subjects’ Physical Functioning 
Rating in either the total group (Table 3—1) or in the manual and nonmanual 
breakdown (Table 3-2). There was a slight decrease in the proportion rated 
as having moderate to severe disability, reflected in the slight decrease in the 
mean PFR. This finding is contrary to the widely accepted belief that as older 
persons age, they usually decline in health and functioning ability. Previously 
reported research has indicated that there is often little or no decline in func- 
tioning ability over periods of several years in such longitudinal studies of 
normal aging (Palmore, 1970). It should be remembered that the sample in 
this longitudinal study was an above-average group of volunteers who sur- 
vived and were healthy enough to return 8 years later for a 2-day long series 
of examinations. It seems unlikely that the small improvement in PFR could 
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Table 3-1. Health and medical care, 1959-1961 compared to 1968 


(N = 81). 
Variable (percentage) 1959-1961 1968 
la. % with PFR of moderate to severe disability 16% 13% 
b. Mean PFR 1.6 eS 
2a. % with 6+ visits to physicians in 2 years 36% 41% 
b. Mean # of physician visits in 2 years al 6.2 
3. % hospitalized in past year 17% 17% 
4a. % of those with medical expenses who paid 
using own resources only 44% 20%* 
b. % of those with medical expenses who paid 
using health insurance 51% 80%** 


* Probability of this difference occurring by chance <0.05. 
** Probability of this difference occurring by chance <0.01. 


be attributed to the advent of Medicare, because the increase noted in physi- 
cian visits and hospitalizations after Medicare appear to be minimal. Since 
the difference in PFR was not statistically significant, it was most likely due to 
chance fluctuations in the ratings assigned. It may be noted that the non- 
manual group had less disability than the manual group (Table 3-2), which is 
consistent with the general finding that the lower socioeconomic groups have 
poorer health and more disability than do the upper socioeconomic groups. 

The proportions visiting physicians six or more times in the past 2 years 
shows an increase of 5 percentage points, although the mean number of 
physician visits shows a slight decrease (Table 3-1). This indicates that 
while there was some increase in those who visited physicians relatively often, 
the total number of visits had slightly decreased. Actually, neither of these 
changes is statistically significant; they are so small that they are most 
probably due to chance fluctuation. 


Table 3-2. Health and medical care, 1959-1961 compared to 1968 by manual 
and nonmanual groups. 


Manual Nonmanual 
(N = 28) (N= 53) 
Variable 1959-1961 1968 1959-1961 1968 
la. % with PFR of moderate to 
severe disability 28% 25% 9% 6% 
b. Mean PFR 1.9 1.8 1.4 13 
2a. % with 6+ visits to physician in 2 years 28% 40% 40% 42% 
b. Mean # of physician visits in 2 years 6.7 So] 8.2 6.5 
3. % hospitalized in past year 11% 14% 21% 19% 
4a. % of those with medical expenses who 
paid using own resources only 46% 18% 44% 22% 
b. % of those with medical expenses who 
paid using health insurance 46% 82%* 54% 78% 





* Probability of this difference occurring by chance <0.05. 
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The percentage who were hospitalized in the 12 mo. prior to examination 
remained constant at 17 percent in each study for the total panel. However, 
in comparing the manual with the nonmanual group, it is clear that the manual 
had larger increases both in the proportion hospitalized and in the proportion 
visiting physicians frequently (Table 3-2). The proportion of the manual 
group seeing physicians frequently increased by almost a half (28 percent to 
40 percent), while the proportion for the nonmanual group remained almost 
the same (40 percent compared to 42 percent). Similarly, the percentage hos- 
pitalized among the manual group increased from 11 percent to 14 percent, 
while the proportion hospitalized among the nonmanual showed a slight 
decrease. This supports the earlier expectation that Medicare would have more 
of an impact on the lower socioeconomic groups who had not been able to 
afford as much medical care prior to Medicare. 

The largest change in the medical care pattern was shown in the means 
by which medical expenses were met. The overall proportion who paid for 
their medical expenses entirely from their own resources dropped from 44 
percent to 20 percent, while the proportion who met part of their medical 
expenses through health insurance increased from 51 percent to 80 percent. 
Both of these differences are statistically and substantively significant. Again, 
as was expected, the manual group showed greater changes in these propor- 
tions, indicating that Medicare had a greater effect on the lower income 
group in relieving their financial burdens for medical care. 


Summary 


The predictions of the proponents of Medicare are generally supported by 
the findings of this longitudinal panel, which indicate little or no over-all 
increase in physicians’ visits and hospitalization, but they do show a marked 
change in the means of meeting medical expenses. As expected, the lower 
income group appears to have benefited by Medicare more than the upper 
group. However, caution should be used in attempts to generalize from these 
findings to the total aged population. 
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Health Practices and IIIness Erdman Palmore 


There is widespread agreement that inactivity, obesity, and cigarette smok- 
ing are usually associated with a higher incidence of various illnesses and 
higher mortality rates (Mayer, 1968; Metropolitan Life Insurance Co., 1960; 
Morris and Crawford, 1958; Society of Actuaries, 1959; U.S. Public Health 
Service, 1967). There is corresponding evidence that the health care practices 
of exercise, weight control, and avoiding cigarettes contribute to the lower 
incidence of several illnesses and to a lower mortality rate. Recently the 
question has been raised as to whether these health practices are associated 
with such lower rates of illness among the aged as to justify lower health in- 
surance premiums for persons who exercise, have moderate weights, and avoid 
smoking. This paper presents the evidence from the Duke Longitudinal Study 
of Aging for the existence of such an association between health practices and 
lower rates of illness and mortality. 


Methods 


The data come from an ongoing longitudinal interdisciplinary study of 268 
community volunteers, aged 60-94 at initial examination during 1955-1959 
(Palmore, 1970). ... 

The health practices of exercise, keeping a moderate weight, and avoid- 
ing smoking, were recorded at the initial interview while the measures of ill- 
ness are derived from interviews and examinations conducted three or four 


Reprinted by permission from The Gerontologist, 10:4:313-316, 1970. 
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years later, except for the information on operations which was collected about 
ten years later. Since the health practices preceded the illnesses, there are 
better grounds for inferring a causal relationship than in cross-sectional studies 
when data on health practices and illness refer to the same point in time. 

The measure of exercise was the number of locomotor activities recorded 
in response to the question “What do you do in your free time?” Locomotor 
activities were defined as involving physical mobility either in its performance 
or in getting to the place to do it. This was in contrast to sedentary activities 
such as listening to the radio or TV, writing letters, playing cards, reading, 
etc. This is not an ideal measure of the amount of exercise engaged in, because 
it does not indicate either the strenuousness of the exercise nor the amount of 
time spent in such exercise. It also does not ask about locomotor activities at 
work. However, this is the best measure available from the initial interviews. 
It is probably a safe assumption that most of those reporting more locomotor 
activities tend to get more exercise than those reporting less locomotor 
activities. 

The measure of overweight and underweight was the ratio of weight to 
the square of height in inches. Careful statistical analysis of various indices of 
overweight show that this index is more closely related to the amount of excess 
fat than is the simple ratio of weight to height (Khosla and Lowe, 1967). 

The indicator of tobacco use is a composite classification based on 
responses to two questions: “How often do you use tobacco?” and “In what 
form do you use tobacco?” The responses to the first question were coded into 
five categories: Never used; Not used in last year; Slight present use (ciga- 
rettes 1-4 a day, cigar and/or pipe 1—2 a day, occasional snuff or tobacco 
chewing); Moderate present use (cigarettes 5-10 a day, cigar and/or pipe 
3—4 a day, frequent snuff or chewing tobacco); and Heavy present use (ciga- 
rettes 11 or more a day, cigar and/or pipe 5 or more a day, constant use of 
snuff or chewing tobacco). The responses to the second question were coded 
in five categories: Never used, Cigarettes, Cigar, Pipe, Snuff or chewing to- 
bacco. Various ways of classifying subjects according to their responses to 
these questions were tried and the following three-way classification was found 
to give the clearest results: persons not using tobacco or using only slight 
amounts; persons using noncigarette tobacco in moderate or heavy amounts; 
and persons smoking cigarettes in moderate or heavy amounts. It was found 
that relatively few women (about 25 percent) used tobacco in moderate or 
heavy amounts and this use showed little relationship to illness. Therefore, 
the data on tobacco in this paper is for men only. 

There were several measures of illness recorded in the second wave of 
examinations. The number of days during a year spent in bed was based on 
the subjects’ response to the question “How many days did you spend in bed 
last year because of not feeling well?” The number of operations since the 
initial interview was also based on subjects’ reports and physicians’ examina- 
tions. There were so few operations reported in the first 3- or 4-year interval 
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that we cumulated the operations reported over the approximately 10-year 
span between initial interview and fourth wave of the study. Sample attrition 
between the second and fourth waves reduced the numbers in the base by 
46 percent for these tabulations. The hospitalization measure is also based on 
the physician interview with the subject in which he recorded all hospitaliza- 
tions and operations since the initial examination. The number of physicians’ 
visits per year is based on the subjects’ response to the question “In the past 
two years have you seen a doctor? Once, 1—5 times, 6—10 times, 10—20 times, 
more than 20 times.” 

The longevity quotient is the observed number of years the subject lived 
after initial examination (or the estimated number of years for those still 
living) divided by the actuarily expected number of years remaining after 
examination based on the age, sex, and race of the subject (Palmore, 1969). 
Thus, an LQ of less than 1.0 would mean that a person lived less years than 
expected. The LQ has advantages of controlling precisely for the effects of age 
at initial examination and of providing a continuous variable indicator of 
longevity. 

We also used two subjective indicators of illness based on responses to 
the question “Would you say your health has changed since you were here 
last time?” (the proportion saying their health had become worse was used 
in this analysis) and the question “How would you rate your health at the 
present time?” (the proportion saying very poor or poor was used in this 
analysis). It can be argued that these subjective self-evaluations of health may 
be even more closely related to actual functioning and use of medical care 
than the more objective physicians’ ratings. 


Observations 


Of the three health practices examined, the amount of exercise was most 
closely related to more of the illness indicators than the other two health 
practices (Table 3-3). The proportion with two or more weeks in bed per 


Table 3-3. Locomotor activities are followed by less illness. 


Locomotor activities: 


ae ae eae Kendall 

Illness indicator (%) 0-5 6-7 8 or More Tau C p 
in bed 2+ weeks per year 26 11 10 als p < 0.01 
with 3+ Dr’s visits per year 44 31 33 -09 p < 0.05 
hospitalized 32 31 24 .07 NS 
with 1+ operations 30 20 19 .09 NS 
rating health as worse 38 39 21 16 p < 0.01 
rating health as poor 18 6 4 Sill p < 0.05 
with LQ of less than 1.00 54 28 33 aT p < 0.01 


Numbers in base 50 64 67 
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year was two-and-a-half times greater among those with few locomotor 
activities than the others. The proportion with three or more physicians’ visits 
per year was about one-and-a-half times as great among those with few 
locomotor activities as the others. The percentage hospitalized and the per- 
centage with operations were substantially greater among those with a few 
locomotor activities, although these two relationships were not statistically 
significant at the .0S level. The proportions rating their health as becoming 
worse since the last examination was about half as large among those with 
the most locomotor activities as the others and the proportion rating their 
health as poor was more than four times as large among those with few loco- 
motor activities as among those with many activities. Over half of those with 
few locomotor activities died sooner than actuarily expected compared to 
between a fourth and a third of those with more locomotor activities. Thus, 
even though some of the relationships were not statistically significant and 


Table 3-4. Overweight and underweight are followed by more illness. 


Weight /height? 


ee Kendall 
Illness indicator (% .031-.045  <.031 .046 + Tau C Pp 
in bed 2+ weeks per year 12 21 33 -09 p < 0.05 
hospitalized 26 36 40 .07 NS 
rating health as worse 32 21 53 .04 NS 
rating health as poor 7 21 20 .08 NS 
with LQ of less than 1.00 36 44 42 .0S NS 


Numbers in base 145 14 15 





several of the relationships are not monotonic, regardless of which indicator 
is used, those who reported more locomotor activities at the initial interview 
had substantially less illness and lived longer than those with less locomotor 
activities. 

Those overweight or underweight had more illness according to most of 
the indicators (Table 3-4). We found these relationships to be clearest when 
we used cutting points which separated out the tenth with the lowest weight/ 
height® ratio (.030 or less), and the tenth with the highest weight/height* 
ratio (.046 or more). Using these cutting points, the underweight compared 
to the normal weight had almost twice as large a proportion who spent two or 
more weeks per year in bed and the overweight had almost three times as 
high a proportion compared to the normal. Similarly, the underweight had 
10 percent more who had been hospitalized and the overweight had 14 per- 
cent more hospitalized compared to the normal. The underweight did not 
have a larger proportion rating their health as worse but the overweight had 
21 percent more rating their health as worse. Both the underweight and the 
overweight had three times as large percentages rating their health as poor. 
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Table 3-5. Cigarette smoking is followed by more illness among men. 


Mod. or Mod. or 


None or heavy non- heavy Kendall 
IlIness indicator (%) slight cigarette cigarette Tau C Pp 
with 1+ operations 26 25 33 .04 NS 
with 3+ Dr’s visits per year 33 24 38 O1 NS 
rating health as worse 23 29 29 .06 NS 
with LQ of less than 1.00 39 38 67 19 p < 0.01 
Numbers in base (men) 48 21 21 


They also had substantially larger percentages who died earlier than actuarily 
expected. The other indicators of illness did not seem to be related to weight. 

Cigarette smoking had relationships with fewer of the illness indicators 
than the other two health practices (Table 3-5). Only the proportion dying 
sooner than expected had a statistically significant relationship to cigarette 
smoking. Two-thirds of those who were moderate or heavy cigarette smokers 
died sooner than expected, compared to less than 40 percent of the others. 
The moderate or heavy cigarette smokers also had somewhat more with 
Operations and more with three or more physicians’ visits per year than the 
others. Those with no use or slight use of tobacco had somewhat less rating 
their health as having become worse compared to the moderate or heavy 
tobacco users. The other indicators of illness did not seem to be related to 
tobacco use. 

When we combine the health practices, we see that there tends to be an 
additive effect on health (Table 3-6). Persons having all three health prac- 
tices had about a third the percentage spending two or more weeks in bed 
per year compared to those with-one or none of the health practices (there 
was only one person with none of the health practices). Similarly, those with 
all three health practices had substantially lower percentages seeing physicians 
frequently, hospitalized, having operations, rating their health as becoming 
worse, rating their health as poor, and living less years than actuarially ex- 


Table 3-6. More health practices are followed by less illness. 


Number of health practices 


ee ee Kendall 

Illness indicator (%) 0-1 2 3 Tau C P 
in bed 2+ weeks per year 30 18 11 a2 p < 0.05 
with 3-++ Dr’s visits per year 50 30 36 .02 NS 
hospitalized 40 32 25 10 p < 0.05 
with 1+ operations 25 29 iW 10 NS 
rating health as worse 45 BZ 33 .04 NS 
rating health as poor 20 We 5 10 p < 0.05 
with LQ less than 1.00 59 42 29 nae p < 0.01 


Numbers in base 20 57 91 
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pected. Four out of these seven relationships were statistically significant at 
the .05 level or below. 


Discussion 


Despite the small or moderate levels of these associations and the lack of 
statistical significance for about half the indicators, the consistent relationship 
of health practices to less illness which was found with most of the indicators 
supports the conclusion that health practices did contribute to better health 
among this group of elderly persons. The fact that these health practices were 
usually most strongly related to longer life indicates that they have a long-term 
effect on health that is greater than the short run effect on any of the illness 
indicators. We believe that the lack of statistical significance shown by several 
of the associations is due to the small numbers in some of the base groups and 
the gross nature of some of the measures. 

When an association is found in a cross-sectional, one point in time study, 
there is the chicken-and-egg problem of which came first and which caused the 
other. In the present study this is less of a problem because it was longitudinal 
and the health practices were measured at the beginning of the study while 
the illness and mortality indicators were measured later. This does not 
eliminate the possibility that greater illness occurred both before and after 
the beginning of the study among those without the health practices and that 
these illnesses contributed to less locomotor activities, less weight control, 
and more cigarette smoking. There is also the possibility that both health 
practices and health are caused by some third set of uncontrolled variables 
such as greater education, higher intelligence, healthier environments, etc. 
It is difficult, if not impossible, to assess the importance of these possibilities 
without tightly controlled experiments. And of course, tightly controlled ex- 
periments in this area are very difficult and expensive. Lacking such experi- 
ments one has to rely on findings from other studies and generally accepted 
theories to interpret the meaning of these findings. We conclude that most 
other studies and theories of the relation of health practices to health support 
our interpretation that exercise, weight control, and avoiding cigarettes con- 
tribute to better health. 

It would be interesting to know which of these practices had the strongest 
effect on health. Unfortunately, the complex multivariate analysis necessary 
to satisfactorily answer this question does not appear feasible due to the size 
of the sample and nature of the indicators used. However, the cross-tabulations 
do suggest that exercise may have the strongest effect, because it usually shows 
the highest level of association and statistical significance. Also it is important 
to note that regardless of relative importance, all three health practices tend 
to have an additive effect: each additional health practice tends to reduce the 
proportions with illness and early death. 
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Self-assessment of Health George L. Maddox and Elizabeth 
B. Douglass 


Health is a basic variable in the study of aging as a biosocial process. In- 
formed research investigators thus uniformly make an effort to measure health 
in studies of human development or apologize for failing to do so. When re- 
search samples are small and in a laboratory setting, clinical assessments or 
reliance on medical records of subjects is at least feasible. Surveys of large 
populations outside laboratories, however, present a different problem. Ob- 
jective assessment of health status is usually not possible and in such instances 
the substitution of self-reports of health for clinical assessment is considered. 
The legitimacy of this substitution has been the subject of extensive research 
in recent years. 

A definitive review of the literature on the interchangeability of subjective 
and medical assessments of health by Paul Haberman (1969) argues con- 
clusively against the use of self-reports of health in epidemiologic research. 
Respondents are demonstrably unreliable reporters of particular morbid con- 
ditions of interest to epidemiologists interested in determining prevalence 
rates. Furthermore, respondents are only modestly reliable reporters of their 
utilization of such health resources as physicians, clinics, and hospitals unless 
this use is recent or associated with a traumatic event. 


This research is supported in part by grants M-668 and M-164 from the National 
Institute of Child Health and Human Development to the Duke Center for the Study of 
Aging and Human Development. 

Reprinted by permission from the Journal of Health and Social Behavior, 14:87-93, 
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Although Haberman’s conclusion is a proper warning to epidemiologists, 
there are several reasons to believe that self-assessment of health is an im- 
portant, useful variable in research on human development, particularly in the 
later years of life. Illness is a social as well as physical phenomenon and the 
existence of a morbid condition does not predetermine a single pattern of re- 
sponse on the part of an individual. There is considerable variability, for in- 
stance, in the probability that a given morbid condition will result in the 
assumption of the sick role and the utilization of medical resources. The dis- 
crepancy between treated disease and the prevalence of disease is well known 
and consistently demonstrated even among well-educated populations with 
accessible, adequate health resources. Moreover, the demonstrated discrep- 
ancy in reporting specific diagnoses by physicians and laymen does not require 
one to conclude that gross judgments about health status by physicians and 
laymen are typically incongruous. Evidence suggests quite the contrary. In 
common sense terms good health generally implies the absence of debilitating 
illness which significantly interferes with personal and social functioning, not 
necessarily the absence of morbid conditions. This observation leads to a 
different formulation of the question discussed by Haberman. What is the 
probability of agreement between physicians and laymen regarding general 
health status? When an individual rates his health status as excellent or good 
(that is, essentially free from significant physical and social disability), what 
is the probability of concurrence by a physician? Similarly, what is the 
probability of concurrence when the physician’s or layman’s assessment of 
health status is that health is fair or poor? 

We know that discrepancies in gross assessment of physicians and lay- 
men exist. Discussions in the literature on denial of illness and on hypo- 
chondriasis are common. But no research investigator has ever suggested that 
inappropriate self-assessments of health status are the rule. On the contrary, 
the appropriate acceptance or rejection of the sick role, with its implied relief 
from social obligations, is a matter of considerable concern in all societies. 
Social surveillance response to illness is commonly observed, and, as a rule, 
one would be inclined to expect that individuals are more likely to be trained 
to deny illness than to exaggerate illness inappropriately. This issue is of 
special importance in this study of social aspects of human aging. For exam- 
ple, some investigators have speculated that older persons have a special 
temptation to assume the sick role inappropriately in the interest of evoking 
helping responses from others. Such speculation has persisted in the absence 
of adequate evidence. 

There is at least one other reason for the continuing interest in self-assess- 
ment of health. The subjective belief that one is healthy or ill may be more 
important than actual medical status in predicting an individual’s general 
emotional state and behavior. This paper presents some unique longitudinal 
data on self-assessment of health in the later years of life. 
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The most prevalent hypotheses about the correlates of self-estimates of 
health have been succinctly summarized by Friedsam and Martin (1963). 
They report that (1) self-health ratings are positively related to physicians’ 
health ratings; (2) self-health ratings are more closely related to the attitudes 
of individuals than are physicians’ ratings; (3) the health ratings by physi- 
cians are more closely related to the behavior of individuals than are 
self-health ratings; and (4) self-health ratings tend to overestimate the favor- 
ableness of individuals’ health condition as indexed by physicians’ ratings. 
Previous cross-sectional research, including that of the senior author of this 
paper (Maddox, 1969), has consistently supported the first and fourth of 
these hypotheses. This paper provides additional tests of these two hypotheses 
with longitudinal data. These data permit an assessment of (1) the relation- 
ship between the self- and physicians’ health ratings; (2) the persistence of 
these over time; and (3) when ratings are incongruous, the probability of 
over and underestimations of health status in self ratings. In this brief paper 
we are only incidentally interested in the use of self and physicians’ ratings 
to predict health related attitudes and behavior. 

Our interest lies specifically in testing the following hypotheses: 

1. A positive relationship persists over time between self and physicians’ 
ratings of health. 

2. When there is incongruence between self and physician ratings of 
health, the incongruence tends toward individual overestimating of health. 
A corollary of this hypothesis is suggested: 

2.1 Changes from a congruent to an incongruent state tend toward over 
estimation (or positive) rather than underestimation (or negative) self- 
assessment of health. 


Methodology 


Subjects 


Fifteen years after 271 noninstitutionalized persons 60 years of age and 
over were first studied in a comprehensive multidisciplinary longitudinal study 
of human aging, 83 panelists were available for a sixth series of observa- 
tions. . . . We do not, however, consider sampling to be a critical issue in 
this paper since we are concerned about the relationship between two varia- 
bles explored with appropriate controls; we are not interested in the distribu- 
tion of congruent and incongruent health ratings among aging populations. 
Furthermore, we do not consider the selective dropout of subjects which 
produced the 83 subjects under investigation to be a crucial issue. Compari- 
son of the surviving 83 panelists with all other panelists initially and at the 
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third observation (seventh year) suggests minimal differences in demo- 
graphic characteristics and in the probability of displaying congruent or 
incongruent health ratings. The nonsurvivors were more likely than survivors 
to have negative self- and physician ratings, even though the probability of 
congruence was similar among survivors and nonsurvivors. In longitudinal 
research, surviving panelists necessarily represent a physiological, psychologi- 
cal, and social elite. Most precisely, then, we are considering in this paper the 
dynamics of health ratings in an advantaged older population. 


Measurement 


Self-rating of health at each of 6 observations over a period of 15 years is 
based on responses to the question “How do you rate your health at the 
present time?” The basic response categories were excellent, good, fair, and 
poor. A subject could in fact qualify his response by selecting “excellent for 
my age,” “good for my age,” and so on. These modifications are infrequently 
chosen and analysis has not indicated that they contribute to our understand- 
ing of the self-rating process. A response of excellent (and excellent for my 
age) or good indicates for our purposes subjectively good health. 

Objective health status was measured on a six-point scale of physical 
functioning following an extensive medical and psychiatric evaluation by a 
project physician. A panelist was considered in “objectively good health” if 
he had no symptoms of disease or, if symptoms were present, he experienced 
no more than minor impairment of normal daily living. 

It is important to note that panelists were exposed repeatedly to informa- 
tion about their objective health status. Following each observation a letter 
summarizing the panelist’s health status was written by the project physician 
to the personal physician designated by the panelist. Thus any incongruous 
subjective rating of health cannot readily be attributed to a panelist’s igno- 
rance about his objective health status. 


’ 


Analysis 


Contingency analysis provides a straightforward partial test of the basic 
hypotheses of the study. Additional insights into the dynamics of self and 
physicians’ ratings of health are provided by lagged correlational analysis, the 
reconstruction of patterns of congruence or incongruence for individuals over 
time, analysis of variance tests on group means, and an intensive analysis of 
cases of extreme incongruence. Throughout the analysis of data, controls were 
introduced for sex and race. Except where specifically noted, these two varia- 
bles had no significant effect on the relationship of the two principal variables 
—-self and physicians’ health rating. 
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The first hypothesis predicts that the congruence in self- and physicians’ 
ratings of health would be the dominant pattern observed among panelists 
over time. In each of the six observations spanning 15 years, two of three 
panelists display congruous rating (Table 3—7). More than half (58 percent) 
of the panelists had congruent health ratings in at least four of the six ob- 
servations. 

Since the assignment of panelists as congruous or incongruous could be an 
artifact of a relatively crude measurement device, we investigated cases of ex- 
treme deviance; that is, a “no impairment” objective rating with a “poor” 


Table 3-7. Patterns of self (SR) and physicians’ (PR) ratings of 
health over a 15-year period in a panel of elderly persons (N = 83). 


Congruous rating (%) Incongruous rating (%) 
Positive PR Negative PR Positive PR Negative PR 
Observation Positive SR Negative SR Negative SR Positive SR 


1 45 21 13 21 100 
2 43 29 6 21 100 
3 42 25 9 23 100 
Average 1-3 43 25 9 22 
68 31 
4 22 37 13 28 100 
5 39 22 14 25 100 
6 29 29 7, 25 100 
Average 4-6 30 29 15 26 
59 41 
Average 1-6 37 27 12 24 100 
64 36 


subjective rating or a “significantly impaired” objective rating with a self- 
rating of “excellent health.” Only 5 percent of the observations were found 
to be extremely deviant in this sense and only 24 percent of the panelists 
were observed in the category of extreme deviance in any of the 6 observa- 
tions. 

Self- and physician ratings of health are predominantly congruous. Among 
panelists with a positive self-health rating, on the average six out of ten also 
had a favorable report from the project physician. Among panelists with a 
negative self-assessment seven out of ten had an unfavorable report from the 
physician. Conversely, for those with a positive physician’s rating, more than 
seven out of ten panelists presented a positive self-rating; more than half 
(53 percent) of the panelists rated by the physician to be in poor health 
rated their health to be poor. 

At any observation, then, this panel of older persons tended to present 
congruous responses and the first hypothesis is supported. This conclusion, 


3. Health Care 60 


however, masks a considerable amount of shifting of individual panelists be- 
tween categories in the six observations. Attention will be given to these 
changes subsequently. 

Over a 15-year period some deterioration of physical health would be ex- 
pected among this aged population. Comparing only observations one and six 
one finds that physicians’ ratings did decline for 30 percent of the panelists 
while for half the panelists (52 percent) physicians’ ratings remained con- 
stant; the remaining 18 percent experienced an improvement in objective 
health status. Comparing again only observations one and six one finds that 
self health ratings were more stable than physicians’ ratings. Sixty-six per- 
cent of the self health assessments were stable; 23 percent declined; 11 per- 
cent improved. 

When viewed separately, physician and self ratings over the six observa- 
tions were each consistent from one round to the next about seven out of ten 
times on the average. Through the six observations, on the average, 44 per- 
cent of the panelists showed the same pattern of physician and self-ratings 
from one observation to the next. 

Additional insight into the dynamic relationship between self and physi- 
cians’ ratings of health is provided by a lagged correlational analysis (Rozelle 
and Campbell, 1969) over the six observations (Figure 3-1). The data pre- 
viously presented would lead one to anticipate positive but only moderate 
correlations between the two ratings at any observation and between the 
same type of rating between observations. Self-ratings are not simply a func- 
tion of objective health as indicated by physicians’ ratings, although a posi- 
tive relationship does appear at each observation as expected. Similarly, one 
would expect, as observed, a persistence of each rating between observa- 
tions. The cross-lagged correlations nevertheless present an interesting pat- 





Figure 3-1. Cross-lagged and other correlations between self (SR) and 
physicians’ (PR) ratings of health in a panel of elderly persons (N = 83). 
All negative correlations in this figure are an artifact of scoring procedures. 
Hence, the substantive relationships among all the variables are positive. 
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tern, a pattern which remains substantially unchanged when controls for sex 
and ethnicity are introduced. Consider, for example, the relationship between 
each type of rating between observations. A researchable hypothesis would be 
that physicians’ ratings provide a substantive basis for predicting self-rating at 
the next observation; this would follow if one assumes that individuals are 
basically reality oriented in their self-ratings. In four of the five comparisons, 
however, self-ratings are better predictors of subsequent physician ratings 
than vice versa. There are at least two possible interpretations of this finding. 
A behavioral interpretation is that an individual’s rating of his health modifies 
his reaction to physical disability; thus an overestimation of health reduces 
apparent impairment to disability and an underestimation exaggerates im- 
pairment; these responses to disability are then reflected in the subsequent 
rating of the physician. An alternative interpretation is that the individual’s 
self evaluation is responsive to internal clues of organic changes which are 
subsequently noted by the physician. 

The second hypothesis predicts that, when incongruity is observed, over- 
estimation of health is more likely than underestimation. The data in Table 
3-7 confirm this expectation also. Over the six rounds, overestimation of 
health (24 percent) was observed twice as often as underestimation (12 per- 
cent). In an analysis not shown, the same pattern is observed among non- 
surviving panel members at each observation. On the average, 28 percent of 
the nonsurvivors overestimated their health while 13 percent underestimated 
their health. 

A more powerful test of the relationship between self and physician ratings 
of health is the response of a panelist who at a point in time has a positive 
self-rating congruent with the physicians’ positive rating but then experiences 
a decline or improvement in health as measured by the physician’s rating. 
Over the six observations there were 56 such cases. Of these, 40 (71 percent) 
retain their positive self-rating, thus overestimating their health as predicted. 
Over the six observations, there were 64 instances in which a physician’s 
rating improved; in this situation only 15 (23 percent) of the panelists dis- 
played an incongruous self-rating, underestimating their health. Overestima- 
tion of health is clearly the rule when incongruity is observed. 

While the number of incongruous health ratings observed in the panel is 
relatively small, even the observed number may be exaggerated as a conse- 
quence of our using relatively crude dichotomies of the two ratings. If the 
responses on each rating are trichotomized at natural breaking points, cases 
of extreme incongruity are indeed reduced below the 36 percent observed 
when a dichotomy is used. In the 498 assessments of congruity, only 5 per- 
cent of these observations were extremely incongruous when ratings were 
trichotomized. Extreme cases of underestimating of health (high PR/low SR) 
were rare (6/498); extreme overestimation (low PR/high SR) were more 
common (21/498). Persons strongly underestimating their health tended to 
be white females (3 out of 5 persons), while those strongly overestimating 


3. Health Care 62 


their health were white males (8 out of 15 persons). Overestimation of health 
by subjects might be explained by differences in objective health conditions 
masked by the crudeness of the objective health ratings. This, however, is ap- 
parently not the case. Overly optimistic persons in fact evidenced more pathol- 
ogy than overly pessimistic ones, when compared in terms of the presence or 
absence of seven chronic disease processes identified by clinical and labora- 
tory examination: cardiovascular disease, arthritis, depression, pulmonary dis- 
ease, right and left eye impairment, hearing loss. This finding is concurrent 
with an earlier observation by the senior author that, for among persons who 
display extremely incongruous assessments of their health, factors other than 
medical ones were important. In terms of health related behavior, overly 
pessimistic persons visited a physician more often and had more routine 
physical check-ups than did overly optimistic ones who, according to the 
physician’s evaluation, were in poorer health. Health attitudes, as measured 
by two indices, were also more positive for overly optimistic persons than for 
the pessimistic ones. 


Discussion and Conclusion 


This paper has provided further demonstration of two hypotheses relating 
to self-health assessment of older persons. Using a unique set of data from an 
ongoing longitudinal study which thus far has spanned 15 years and involved 
six observations, we have demonstrated the following: 

1. There is a persistent, positive congruence of self and physicians’ ratings 
of health. 

2. Whenever there is incongruity in the two types of ratings, the tendency 
is for the individual to overestimate, rather than underestimate, his health. 

3. Substantial stability of both self- and physicians’ ratings is observed 
through time, with the self-health rating showing slightly more stability. 

4. An unexpected discovery was the tendency for the self-health rating 
to be a better predictor of future physicians’ ratings than the reverse. 

The data provided no clear pattern that would enable us to confirm or 
refute conclusively commonly reported findings regarding the relationship of 
these two types of health assessments to various health attitudes and health 
behavior. Self-health ratings are clearly measuring more than simple morale. 
In our analyses correlations between self-health ratings and various measures 
of morale or life satisfaction are consistently below + 0.50. Physicians’ ratings 
were generally slightly less correlated with such attitudinal measures. When 
health related attitudes were investigated, we did observe a stronger relation 
between these attitude scores and self-health rating than between these scores 
and physicians’ ratings. There was no indication that health-related behavior 
was more closely related to the physicians’ than the subject’s health rating, as 
had been suggested by Suchman, Phillips, and Streib (1958). 
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Self-rating of health cannot serve as a substitute for epidemiologic diag- 
noses. These ratings clearly measure something more—and something less 
—than objective medical ratings. However, our data demonstrate that self- 
assessment of health is not random but is persistently and positively related to 
objective evaluations of health status. Self-ratings of health clearly have some 
utility as a measure of health in research involving older persons when ob- 
jective measurements of health are not feasible. Furthermore, these data con- 
firm that, in regard to evaluation of health, older people have and maintain 
a strong reality orientation. 
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Vitamin Bx Deficiency Alan D. Whanger and H. Shan 
Wang 


Introduction 


In recent years there has been considerable interest in vitamin B,2 levels 
among the elderly. Although all of the functions of vitamin By». and its 
congeners in human metabolism and neurophysiology are not fully known, 
we do know this vitamin plays vital roles in many important reactions, such as 
propionic utilization, the conversion of glutamate, the conversion of ethylene 
glycol to acetaldehyde, and biosynthesis of methionine, the formation of 
deoxycytidylic acid in DNA synthesis, the catalyzation of oxidation of mer- 
captoethanol, and detoxification of cyanide (Smith, 1964; Baker et al., 1968; 
Searcy, 1969; Wokes et al., 1966; Matthews, 1971). 

In the aged, several factors contribute to the difficulty in studying this 
vitamin deficiency. There is some uncertainty about what the ranges of normal 
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vitamin By» levels in the older person are. Some investigators have found a 
linear decrease over the life span, but others have not found this consistently. 
Some noted a sex-linked difference (Cape and Shinton, 1961; Kilpatrick and 
Withey, 1965). Most of these surveys and determinations have been done in 
Europe. Only six have been done in the United States (Boger et al., 1955; 
Chow et al., 1956; Davis et al., 1965; Gaffney et al., 1957; Halsted et al., 
1959; Tauber et al., 1957). Davis found a decrement of serum vitamin By» 
by age, and levels approaching the pernicious anemia range in 10 percent of 
domiciliary men. 

A relationship between psychiatric symptoms and vitamin Bs deficiency 
has been known since 1849, when Addison wrote in his description of per- 
nicious anemia of “‘languor and restlessness” and “indisposition to, or in- 
capacity for, bodily or mental exertion.” In severe hypovitaminosis, demye- 
lination may occur not only in the spinal cord but also in the peripheral nerves 
and the brain. 

A major question has been the possible effects of low, but not profoundly 
depressed, levels of B,» on the nervous system and the body, as By» has been 
implicated in a wide variety of psychiatric disorders. The range of normal or 
nonpathogenic levels of B,» in aging persons has been open to some question. 
Numerous recent studies in European countries have reported widely varying 
incidences of hypovitaminosis By. in elderly psychiatric patients. Dawson, 
(1966) in Scotland, for example, reported 20 percent low levels under age 
75 and 39 percent low levels over age 75 as compared with Kallstrom (1969) 
from Norway, who reported only 2 percent low levels in a similar group. 

Another major problem in this research are the varying methods used for 
determining vitamin B,2 levels, which are measured in micromicrograms or 
picograms. All of the reported series have used either bacterial or protozoan 
microbiological techniques. There has been considerable disagreement about 
the specificity of these, as well as the vulnerability of the organisms to tran- 
quilizers, antibiotics, and various inhibiting factors in serum. 

Important in measuring the effects of treatment are finding objective 
parameters to follow. Davis (1965) again has studied serum lactic acid and 
LDH, but did not find these to change significantly with age or levels of Bie. 
Electroencephalogram changes occur in a high percentage of pernicious ane- 
mia, but the limited studies on those with borderline levels leave questions un- 
answered. Scheinberg (1951) measured cerebral blood flow and metabolism 
in pernicious anemia, using the nitrous oxide method. He found evidence that 
the mental symptoms were related to the decrease in cerebral metabolism as- 
sociated directly with vitamin By: deficiency and not the degree of anemia. 
This has not been followed up. 

A preliminary survey among acutely admitted patients for moderate to 
marked glossitis, which may be an early sign of vitamin B,2 deficiency, showed 
an incidence of about 28 percent. 
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Three groupings of subjects were utilized, each major group being sub- 
divided into four groups of ten subjects each, matched on the basis of sex 
and age over or under 75. The general eliminating criterion was having re- 
ceived vitamin Bj, by injection within the past year. 

The control subjects were from the geriatric longitudinal study groups at 
the Duke University Center for the Study of Aging and Human Development. 
These are volunteers living in the community and functioning fairly well 
mentally and physically. They were called in on a random basis. 

The acute psychiatric patients were new admissions to a state hospital 
having a catchment area of one-fourth of the state of North Carolina. All new 
patients over age 65 were admitted to the geropsychiatry service, and they 
were studied on the basis of consecutive admission. 

The chronically hospitalized patients were those who had been hospital- 
ized for at least six months continuously, were ambulatory, and were able to 
feed themselves from the hospital diet of about 2500 calories a day including 
liver every other week, and had not lost over ten pounds weight in the past 
six months. They were otherwise selected randomly using an alphabetical 
basis. 

A detailed psychiatric, medical, and social history was obtained to the 
extent possible, with attempts to ascertain the previous drug and vitamin use, 
as well as the adequacy of the diet in rather gross terms. 

A battery of tests and examinations was carried out, including a serum 
sample for the vitamin B,. determination, which was obtained within 24 hours 
of admission of the acute psychiatric patients before any supplemental vita- 
mins were given. The blood was handled with all new vacuum equipment and 
serum promptly frozen and held at zero degrees for a maximum of four weeks 
until the accumulated specimens were sent frozen in dry ice to the processing 
laboratory. As controls on accuracy, specimens were split within the batch 
and also a pooled sample was submitted with each batch. Ten specimens were 
split and sent simultaneously to the primary processing laboratory and to an- 
other laboratory utilizing the same technique. The few folic acid specimens 
were handled in the same way, but were not stored frozen longer than a week. 

The method used for the vitamin B,. determination was the radioisotope 
dilution, charcoal absorption method of Lau and Herbert (1965). The 
laboratory found this equally as accurate as the Euglena microbiologic 
method and to be unaffected by various inhibiting agents. The laboratory 
range of presumed normals was found to be 150 through 900 picograms (pg) 
per ml with an overall mean of 386 pg. Their standard deviation of re- 
produceability at this level was plus and minus 39 pg. Lau and Herbert feel 
that this method is more accurate in the low range than the microbiologic 
techniques. 
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A sample survey for folic acid levels was made on the chronically hos- 
pitalized group who were known not to be on any drugs that would lower the 
serum folic acid nor potentially interfere with the Lactobicillus casei organism 
used in the assay. The range of normal for the laboratory is 4 to 16 nanograms 
(ng) per ml. 


Results 


Only a portion of the data will be presented herein, mainly that dealing 
with the composition of the groups and the prevalence of various vitamin By> 
levels. During the period of gathering the acute psychiatric patients, 64 pa- 
tients were admitted. Two of these had had pernicious anemia diagnosed 
previously, but had had parenteral vitamin B,2, and so were excluded from the 
study. The mean age for all 120 subjects in all groups was 75.7 years. 

The racial composition of the three groups varied from 55 percent white 
in the control group to 60 percent white in the acute group to 75 percent 
white in the chronic group. 

The percentage who were known to have had supplemental oral vitamin 
B,» in some form in the previous year was 22 percent of the controls, 12 per- 
cent of the acute, and 10 percent of the chronic patients. 

There was a considerable amount of physical illness among all groups, 
but none with severe uremia, marked liver disease, or leukemia, all of which 
might abnormally elevate the serum vitamin B,2. There were none with gastric 
or intestinal surgery, which would tend to lower the By» level. Those with 
doubtfully adequate or inadequate diets were 14 percent among the controls, 
71 percent among the acute, and 5 percent among the chronically hos- 
pitalized. 

Only 7 percent of the control group, about 55 percent of the acute pa- 
tients, and about 60 percent of the chronic patients were on drugs such as the 
phenothiazines, barbiturates, antidepressants, antibiotics, or anticonvulsants 
which would potentially affect the ordinary microbiological determinations. 

The results of the split and matched samples used as checks on the method 
showed generally fairly good agreement, with the correlation coefficient of 
r = 0.987. 

The mean vitamin B2 levels by age and group are shown in Table 3-8, 
where the analysis of variance is also shown. The total older group had a 
higher mean By,» than the total younger group, but the difference was not 
significant. The mean B,2 for the total group is very close to that of the 
normals for this laboratory. 

The subjects are grouped by race and sex in Table 3—9. The differences 
between the sexes are not significant. The mean vitamin By» levels of the total 
white group is highly significantly lower than that of the total nonwhite group 
(which was essentially black, as it included only one nonblack, an Indian). 
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Table 3-8. Mean Vit By» levels,* by age and group.» 


Group Control Acute Chronic Total 


Age 65-74 (20)°309 (20) 325 (20) 420 (60) 351 
Age 75 + (20) 307 (20) 353 (20) 486 (60) 382 
Total (40) 308 (40) 339 (40) 453 (120) 366 
Analysis of variance t Pp 

1. Control vs. acute 0.86 NS 

2. Control vs. chronic 3.45 <.001 

3. Acute vs. chronic Dei <A 05 

4. All 65-74 vs. 75 + 0.86 NS 


® Vitamin Bj. = picograms (10712 grams/ml). 
b Mean normal for lab = 386 pg. 
© Numbers in parentheses = N. 


Table 3—10 shows the distribution of abnormal levels of vitamin By» 
according to the groupings of Lau (1965); namely, the “low” from 0 through 
99 pg, the “questionably deficient” from 100 through 149 pg, the “inde- 
terminate” between 150 and 199 pg, and the “high” over 900 pg. The subjects 
are divided variously by race, sex, group, and total number. Because of the 
varying numbers, percentages are listed. None of the subjects had a By». 
level below 100 pg, although one was found at that level. The percentage of 
questionably deficients and indeterminates is lowest in the chronics. Again 
a racial trend is observed, with the nonwhites having the lesser prevalence of 
the indeterminate values, and the only elevated ones. Some sex difference is 
also present, with the males having a greater risk of lower B,2 levels than the 
females. 

In looking at the total subject pool of 164, which included all of those 
seen consecutively while getting enough subjects to fill the previously dis- 
cussed matched groupings of the controls and acutes, we noted many differ- 
ences between the groups, some of which are indicated in Table 3-11. These 


Table 3-9. Mean Vit By. levels* by race and sex. 


Group White Nonwhite Total 
Male (M) (40) 305 (20) 445 (60) 352 
Female (F) (36) 345 (24) 434 (60) 381 
Total (76) 324 (44) 439 (120) 366 
Analysis of variance t Dp 

1. White M vs. nonwhite M Desi <.05 
2. White M vs. white F 1.26 NS 
3. White F vs. nonwhite F 2.05 <.05 
4. Nonwhite M vs. nonwhite F 0.15 NS 
5. All M vs. all F 0.82 NS 
6. All white vs. all nonwhite 3.17 <.005 


@ Vitamin Bi. in picograms. 
+ Numbers in parentheses = N. 
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include the percentages of those who within the previous year had taken any 
type of oral vitamins, oral vitamins containing B,2, or B,. by injection; those 
with anemia with a hemoglobin below 12 gm; those who appeared mal- 
nourished on physical examination; those with no significant organic brain 
syndrome, and the mean systolic blood pressures. The total subject pool was 
grouped on the basis of five-year age increments only, and the mean vitamin 
By» levels of each are listed in Table 3-12. It is to be noted that many of these 
are known to have taken By». Of the total group, 25 were known to have 
taken oral vitamins which did not contain vitamin By. within the previous 
year, and their mean By» level was 410 pg with a SD of 140 pg. Thirty- 
two were known to have taken supplemental vitamins containing By, and 
their mean By» level was 420 pg, with a SD of 230 pg. Eight of the total 


Table 3-12. Mean Vitamin By, levels of total subject group 
by age increments. 


Age Mean serum SD of By 
range N Bi (pg) (pg) 
65-69 OT 372 193 
70-74 43 345 133 
75-79 42 BHI, 163 
80-84 31 374 175 
85-89 10 397 208 
90-94 9 402 143 
95+ 3 777 585 


group had had at least one injection of vitamin B,2 within the previous year, 
and their mean serum B,» was 500 pg, with a SD of 256 pg. 

The folic acid determinations taken on the eleven chronically hospitalized 
psychiatric patients showed four of them had levels of three or less nanograms, 
meaning that over one-third of the patients sampled had subnormal folic acid 
levels. 


Discussion 


At first glance the results seem paradoxical if low By. had anything to do 
with psychiatric problems, as the control group has the lowest mean By2 
level, as well as a high number of subjects in the questionable deficient and 
indeterminate levels, while the chronically ill group has the highest mean By» 
as well as the least number in the low level group. This illustrates the point 
that there are a number of elderly people around who have quite low levels 
of Biz, but who do not seem to be suffering particular ill effects from it, and 
others who do not seem to be improved by the administration of By. 

There are several possible explanations of the difference in mean Bye 
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levels. One would be the adequacy of the diet which is more likely to be lack- 
ing in such things as milk and liver when the person has a choice at home than 
when it is presented to him in the hospital. It is likely that the increasing mean 
By. levels in the acute and chronic psychiatric patients reflects their more 
severe degree of physical illness, which may impair excretion or cause ex- 
cessive release of stored liver By2. Some illnesses may lead to excessive 
B,2 binding proteins in the serum. 

Not only did we not find the previously mentioned tendency toward age 
regression of the By» levels, but rather found that in all three major groupings 
the mean Bj» level of the older contingent is equal to or greater than that of 
the younger. Actually in the age increment cohorts, there is a rise in By» 
levels with age, with the over-90 group having markedly increased levels. This 
lack of decrement with age may be because this is a relatively unselected 
group with a number of rather ill people in it, and a number of them had been 
taking vitamins. 

Another factor we would wish to comment on as it may have implications 
for further By. research is the apparent increased level of serum By» in the 
nonwhite (or essentially black) group, along with the lesser likelihood of the 
indeterminate levels. It is uncertain as to whether a higher serum vitamin By» 
level provides any type of long-term advantage or protection to the in- 
dividual, or whether this is a genetic or environmental factor. Of at least 
theoretical importance is the fact that the average lifespan of a black man 
or woman is about six to seven years shorter than that of whites, but that the 
remaining life expectancy of a black reaching age 70 is significantly longer 
than that of a white person (Riley and Foner, 1968). 

We certainly have not answered the questions as to how vitamin By» 
levels are related to psychiatric illness, but this is an important issue which 
can only be elucidated by long-term studies of the relationship of low levels 
of By» to cerebral metabolism in relatively normal people, as well as the 
effect of B,2 administration on the psychiatrically ill. Results of our small 
sampling of folic acid levels indicate that this may be a much more important 
problem than the By» level. The EEG can be of help in following the course 
of By» related illness on cerebral metabolism, but this should be more accurate 
when combined with cerebral blood flow studies. The older methods are 
highly cumbersome, especially for older patients, but Dr. Shan Wang and Dr. 
Walter Obrist have developed a nontraumatic method for measuring cerebral 
blood flow by the inhalation of xenon gas, which should be of great value in 
this type of study. 

It is of interest that the sampling of vitamin B,2 and folic acid levels 
among our subjects moderately approximates the incidence of these deficien- 
cies which Leevy found in 1965 in a survey of 11 vitamins in a municipal 
hospital population, in which a deficiency of at least one vitamin was found 
in 88 percent of the patients, with folic acid being the most common at 45 
percent and By» at 10 percent. 
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A further comment might be made on the use of the radioisotope dilution 
method of determining serum By». We did not attempt to run comparisons 
using the various microbiological assay methods, but this certainly should be 
done on a rather large number of psychiatric patients. It is important to see 
whether discrepancies between ours and other series might be related to 
noxious effects on the test organisms of the psychopharmacologic “soup” 
circulating in the systems of patients on six or eight different drugs. 

The study of vitamin deficiencies is complicated, if you will, by the in- 
creasing use of vitamin preparations, even unwittingly, as evidenced by there 
being therapeutic doses of By» in at least four different breakfast cereals. As 
reported by Howell and Loeb (1969), there are only occasionally single 
vitamin deficiencies in the elderly. In a substantial percentage of those using 
vitamin supplements, they were using ones which did not replace the vitamins 
in which they were deficient. There is some danger in using single or wrong 
supplements of further upsetting the metabolic imbalance when several vita- 
mins are already deficient. Obviously the last word on the needs, role, and 
effect of vitamin By» in both the elderly psychiatrically ill and the relatively 
normal older person is not yet in. 
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Obesity and Cardiovascular Function John B. Nowlin 


By common adage, the overweight individual runs an increased risk of 
falling prey to a number of health problems. In particular, the association 
between obesity and cardiovascular disease is often cited and had been fre- 
quently evaluated in large study populations (Kannel et al., 1967; Pell and 
D’Alonzo, 1961; Keys, 1954; Paul; 1963; Garn et al., 1951). The purpose 
of this paper is to reexamine the relationships between body stature and some 
of the widely accepted indicators of cardiovascular disease. Specifically, em- 
phasis is placed on the individual’s sex and age as potential influences upon 
any relationship which might exist between body stature and often-examined 
cardiovascular variables. 


Methods 


The population is that of the Adaptation Study at the Duke Center for 
the Study of Aging and Human Development. This study group is comprised 
of 502 white men and women from the Durham, North Carolina area; the age 
range is from 46 to 71 years of age. Information collected during the initial 
visit serves as the data base for this analysis. 

Accurate measure of fatness or adiposity remains somewhat of a moot 
research issue. The profusion of methods to estimate this characteristic 
reflects the lack of resolution of this issue. Clearly, different weights and 
different body frames provide differing extents of adiposity. In this particular 
analysis, the basic, commonplace measures of height and weight were em- 
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ployed to estimate fatness. A number of arithmetical manipulations of height 
and weight values have been proposed to gauge fatness. This analysis uses 
the Quetelet index; that is, weight divided by the square of the height. It is 
of interest to see how the Quetelet ratio compares to body fat determined by 
more sophisticated methods. Bray (1970) reported the isotopic determina- 
tions of body water in a group of thirteen obese women. These determinations 
allow for a good estimate of total body fat. If the Quetelet ratio is calculated 
from their data and correlated with their values for total body fat, the 
resulting coefficient is 0.80. Thus, the Quetelet index offers at least a 
reasonable approximation of body fatness. 

Employing Quetelet scores, the study population was divided into equal- 
sized low-score and high-score groups. The higher score group contains the 
individuals with more obesity while the lower-score group has little or no 
obesity. To control for sex and age, the population was also divided into four 
sex-age groups (using median age to divide older from younger participants ). 


Findings 


Table 3—13 shows the cardiovascular function characteristics of the high- 
Quetelet-score groups. The first two characteristics show that the high- 


Table 3-13. Differences between body stature groups on cardiovascular variables. 





Low Quetelet High Quetelet F or x? Significance 
score(N = 247) score(N = 251) ratio level 

History of 

hypertension 6.9% 17.1% ise <.01 
History of clinical 

coronary artery 

disease 6.1% 8.4 0.9* ns 
Systolic blood 

pressure 146 159 31.4 <.01 
Diastolic blood 

pressure 85 oF 33:5 <.01 
Resting heart rate 68.0 69.5 Del ns 
Functional 

cardiovascular 

impairment 0.50 0.71 4.9 <.05 
Overall health 

rating 1.8 1.9 <<1h() ns 
Serum cholesterol 

level 244 244 0.0 ns 
Serum triglyceride 

level 134 154 5.8 <.05 
ECG evidence of 

coronary artery 

disease 12.6% 18.1% DO <.10 


* x? values 
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Quetelet-score group reported histories of hypertension and clinical coronary 
artery disease more often than the low-score group (although the difference in 
coronary artery disease was not statistically significant). Additional analyses 
by age and sex showed no influence of these factors on the differences in 
hypertension or coronary artery disease reported by the low- and _high- 
Quetelet-score groups. 

A number of parameters based upon the medical examination were then 
considered in a three-factor analysis of variance based on age, sex, and 
Quetelet scores. Recumbent systolic blood pressure, as recorded at the 
beginning of the physical examination, proved far greater within the large 
body stature group. The initial diastolic pressure was likewise considerably 
higher in the group with the larger body stature. However, resting heart rate, 
as determined from a clinical cardiogram taken after the medical examina- 
tion, did not differ significantly between the large and small body stature 
groups. There were no statistically significant sex or age influences upon the 
relationships between these three cardiovascular measures and body stature. 

The examining physician also rated on a 0-9 scale the extent of functional 
impairment arising from cardiovascular disease. A score of O indicates no 
impairment while 9 reflected marked functional loss. Extent of functional 
impairment from cardiovascular disease, although minimal for this relatively 
healthy population, was more pronounced in the larger body stature group. 
Overall health-related loss of function, irrespective of etiology, was next 
evaluated in the three factor analysis of variance format. A scale of 1—9 was 
utilized with a score of 1 indicating no overall health impairment and 9 in- 
dicating marked impairment. No significant differences were apparent be- 
tween the two body stature groups on the overall health rating. Moreover, 
there was no statistically significant age or sex interaction upon either the 
cardiovascular impairment or overall health rating scores. 

Two serum lipids often associated with occurrence of cardiovascular dis- 
ease were next examined in a three-way analysis of variance. Serum choles- 
terol level did not differ between the larger and smaller body stature groups. 
However, serum triglyceride levels were substantially higher among the larger 
body stature group. Again, sex and age did not interact significantly with 
body stature in influencing levels of these two serum lipids. 

Finally, there was somewhat more electrocardiographic evidence of 
coronary artery disease among the large body group, although the difference 
was significant only at the 0.10 level. Coronary artery disease was considered 
present on the clinical electrocardiogram if there were evidence of ischemic 
T-wave changes, QRS complex defects associated with myocardial infarction 
or left bundle branch block. Further analysis by sex and age showed no 
significant interactions. 

The variables examined in this report were also analyzed by product 
moment correlation coefficients for each variable with the Quetelet index 
(Table 3-14). Male and female groups were considered separately. (Age had 
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Table 3-14. Correlations between the Quetelet 
Index and cardiovascular variables.* 


Men Women 

Systolic blood pressure 30 aS 
Diastolic blood pressure 33 235) 
Resting heart rate 18 .09 
Functional cardiovascular 

impairment 19 14 
Overall health rating .07 als 
Serum cholesterol —- 11 — .02 
Serum triglyceride level .07 14 


* A correlation of .13 or greater is significant at the 
.O5 level. 


almost no correlation with the Quetelet index.) The correlational data cor- 
roborate the findings provided by the analysis of variance. Both sex groups 
presented significant correlations between the Quetelet index and blood pres- 
sure values as well as the cardiovascular functional impairment score. These 
variables were then examined further in a multiple regression analysis. Only 
diastolic pressure emerged as presenting a statistically significant relationship 
with the Quetelet score in the multiple regression. This finding held true for 
both sexes. 


Summary 


In general, the data reported in this paper tend to support findings of other 
large-scale population studies. The tendency for the overweight individual 
to have an elevated blood pressure when compared to his thinner counterpart 
has been frequently noted. 

In terms of serum lipids, triglyceride levels have generally been found 
more elevated among overweight groups. Serum cholesterol levels, on the 
other hand, less frequently differ between groups of overweight and normal 
weight individuals. 

Most prior studies have shown little association between overweight and 
the incidence of cardiovascular disease. However, our data show significant 
relationships between the weight-height ratio and various measures of cardio- 
vascular disease risk. Finally, our data imply that age and sex do not signifi- 
cantly influence these associations: they tend to exist in all the age-sex groups 
examined at about the same levels. 
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Anxiety During A Medical Examination John B. Nowlin 


The prevalence of “anxiety” among individuals upon exposure to a gen- 
eral medical examination is so well known and widely accepted as to require 
little amplification. Consideration alone of the profusion of cartoons in popu- 
lar magazines and the numerous word-of-mouth jokes about the medical 
examination setting provides strong circumstantial evidence for the lay per- 
son’s sensitivity to this “anxiety.” Moreover, the physician himself is not un- 
aware of the anxiety arising during the course of his medical examination. 
Several general textbooks of medicine and physical diagnosis, at least in pass- 
ing, make mention of feeling-states attendant to the medical examination. For 
the most part, terms such as anxiety or fear have been employed as descriptors 
of these feelings. McGehee et al. specifically mention fear in association with 
anticipation of a medical examination (Beeson et al., 1967). In the latest 
edition of Cecil and Loeb’s Textbook of Medicine, the editors advise that 
“warmth and compassion break down the barriers of anxiety and fear that 
beset the patient coming as a stranger to the doctor” (Harvey, 1968). In his 
textbook of physical diagnosis, Leopold suggests that “most patients display 
variable amounts of anxiety, restlessness, or agitation during their initial ex- 
amination” (Leopold, 1957). 

This wide-spread recognition of anxiety in the medical examination set- 
ting, of course, rests largely on a speculative basis. There has been no precise 
characterization of the anxiety accompanying the medical examination. A 
more detailed appraisal of this feeling-state would seem to hold considerable 
merit since anxiety could conceivably influence not only the physician’s 
examination findings, but, as well, the nature of subsequent physician-patient 
dealings. Based upon information collected by a carefully validated written 
self-report technique, this paper describes recognition of anxiety among a large 
population while involved in a standardized medical examination. Information 
collected from this study population permitted evaluation of three issues 
pertinent to the anxiety found in the medical examination setting: (1) The 
extent of change in anxiety self-report during the course of the medical exam- 
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ination; (2) the influence of the examinee’s age and sex upon overall level 
and change of anxiety self-report; and (3) aspects of the physician-examinee 
interaction as influences upon examination anxiety self-report. 


Materials and Methods 


Study Population 


Anxiety self-report during a general medical examination was evaluated 
within a subgroup (N = 279) of a larger subject population (N = 502) in- 
volved in a longitudinal study of aging sponsored by the Duke Center for the 
Study of Aging and Human Development. Examination anxiety self-report 
data was collected during the initial visit of this study population. The overall 
longitudinal study group was comprised of white residents of the immediate 
Durham, North Carolina area; their age range was 45-71. 

Since time limitation prevented inclusion of all subjects in this evaluation 
of medical examination anxiety, a subgroup of the larger longitudinal popula- 
tion was selected for this purpose. Two study participants were usually seen 
during each working day of the project; the first individual to receive his 
medical examination was incorporated into the anxiety self-report subgroup. 
On days when only a single participant was scheduled, that individual was 
routinely included in the study subgroup. Frequency of subject distribution in 
terms of sex and five-year age category, as tested by the chi-square technique, 
did not significantly differ between the anxiety self-report subgroup and the 
group of individiuals excluded from this testing. 


Medical Examination Format 


The medical examination format to which all participants were exposed 
was tightly structured; a regular order of procedure was rigidly followed for 
each individual’s examination. Moreover, effort was exerted to maintain the 
same examination atmosphere for each subject. (For example, even attempts 
at humor were consistent: e.g.—when telling the examinee that he was about 
to auscult for bowel sounds, the physician invariably said “Let me take a 
listen to the coffee we have been feeding you this morning.” The same 
physician (JBN) performed all medical examinations. 

The examination format consisted of three distinct periods of physician- 
examinee contact. Initially, the physician spent approximately ten minutes 
with each study participant, asking a set of standardized questions about 
possible organ system symptoms. The physician then left the examining room 
while the individual undressed in preparation for the examination. The second 
physician-examinee contact was the examination itself, which required ap- 
proximately twenty minutes to perform. Included in the examination pro- 
cedure was a rectal examination for men and a recto-pelvic examination for 
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women participants. During his examination of women subjects, the physician 
was chaperoned by a nurse. 

After the examinee had redressed, the physician spent ten to fifteen 
minutes with each person in a debriefing session. At that time, there was a 
careful explanation of the various examination procedures as well as a report 
of significant findings. The debriefing session was kept on a positive note, with 
the physician striving to convey the impression that the examinee was basically 
in good health. If necessary to alert the study participant about a health 
problem, the physician employed wording or phrasing designed to reassure the 
individual. 


Anxiety Self-Report 


The instrument used to assess self-report of anxiety in the medical exami- 
nation setting was that of a mood adjective check list (MACL) designed by 
Nowlis (1956). This pencil-and-paper MACL is comprised of 38 words or 
phrases indicative of mood or feeling-state; clusters of these 38 items can be 
grouped to define broader statements of mood or affective state. Ten such 
general mood categories are accessible with the use of this MACL, including 
one indicative of “anxiety.” (Other checklist affect categories include: “an- 
ger,” “pleasantness-euphoria,” “skepticism,” “egotism,” two “activation” 
scales, “depression,” “‘de-activation,” and “social affection.” Since the primary 
focus of this paper is upon anxiety self-report, the influence of the examination 
procedure upon other MACL scales will not be described. ) 

In instructions for completion of the MACL form, subjects were told to 
indicate the extent to which each adjective conformed to his feeling-state at 
the precise moment that he was taking the test. For each word or phrase, 
there were four choices from which the individual could choose to indicate 
applicability to his momentary feeling-state: the item most definitely did apply 
(weighted with a score of 3), applied only slightly (weight score: 2), un- 
certain as to whether or not the item applied (weight score: 1), or that the 
item most definitely did not apply (weight score: 0). 

Examinees self-rated the MACL items at three different times during the 
course of the examination procedure. The first MACL was completed just be- 
fore the examinee was introduced to the examining physician. The second 
MACL was administered immediately after the examination procedure itself, 
although with the examinee still disrobed. A final MACL self-rating followed 
the debriefing session. While responding to the Nowlis MACL form, the ex- 
aminees always remained alone. 


Influence of Physician-Examinee Interaction on Self-Report 


There are doubtless many aspects of the physician-examinee interaction 
which bear upon the level of the examinee’s anxiety self-report during a medi- 
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cal examination. Reasonably, the medical examination would seem to pose, in 
particular, three large issues with which the examinee would have to contend: 
(1) the possibility that a previously unknown health defect might be found, 
(2) the requirement for bodily exposure characteristic of the examination 
setting, (3) the physician’s manipulation of the examinee’s body during the 
examination. In a short written questionnaire completed immediately after 
responding to the second Nowlis MACL form, examinees were requested to 
consider these three issues. Specifically, they were required to select, from 
among three possible explanations for discomfort in an examination setting, 
the one which best explained their own uneasiness. The options, as presented 
to the examinees, were: (1) “Embarrassment at having to undress,” (2) “Dis- 
comfort at having someone push and press over your body,” and (3) “Con- 
cern about what the doctor might find.” 


Results 


Average scores for the Nowlis anxiety self-report scale at each of the 
three testings are presented in Figure 3—2; scores of men and women are 
graphed separately. Both sex groups presented a decrease in anxiety self- 
report over the three testings. However, women differed from men in reporting 
higher initial values; subsequently, on the final testing, they reported slightly 
less anxiety than did their male counterparts. 

Using a repeated measures analysis of variance design for independent 
groups, differences in MACL anxiety scale response over the three testings 
was evaluated for statistical significance. The two factors defining the in- 
dependent groups were age (based upon five-year age grouping) and sex of 
the study participant. The test-to-test change in anxiety self-report proved 
highly significant (F = 58.8, df = 2/539, p < .01); however, the between- 


Figure 3-2. Influence of sex on ex- 
amination anxiety self-report. Male 
population: 145; Female population: 
134. Maximal anxiety self-report 
score: 24. MACL 1: Adjective check 


— Men list anxiety self-report before intro- 
———Women 


duction to examining physician. 
MACL 2: Adjective check list 
anxiety self-report with examination 
completed but examinee still dis- 
robed. MACL 3: Adjective check 
list anxiety self-report following dis- 
cussion of medical findings with ex- 
amining physician. 





Mean anxiety self- report scores 


MACL MACL MACL 
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sex difference in pattern of change likewise attained statistical significance 
(F = 11.8, df = 2/539, p < .01). Therefore, the significant trend for the 
entire group to present a test-by-test decrease in anxiety self-report level is, 
to a large extent, a reflection of the pattern of change among women. Age, 
based upon five-year age grouping, did not significantly influence either 
absolute level of anxiety self-report or pattern of change over the three MACL 
testings. 

Selection frequency of the three examination discomfort options described 
earlier is shown in Figure 3—3. Approximately half of the study group desig- 
nated “concern about what the doctor might find” (labelled “concern” in 
Figure 3—3) as their primary source of examination discomfort. The second 
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Figure 3—3. Primary source of examination dis- 
comfort. “Concern’’—Concern over what the 
physician might find. “Manipulation” —Discom- 
fort at having someone push and press over 
your body. “Exposure’—Embarrassment at 
having to undress. 


most frequent selection was that of “discomfort at having someone push and 
press over your body” (labelled “manipulation” in Figure 3—3). The least 
frequently chosen option was that of “embarrassment at having to undress” 
(labelled “exposure” in Figure 3-3). Among the two sex groups, “concern” 
was the most commonly selected option; however, women reported more fre- 
quently than men that their examination discomfort arose from “exposure.” 
The between-sex difference in selection frequency of each option proved 
Statistically significant when this relationship was tested with the chi-square 
technique (,* = 15.4, df = 2, p < .01). When discomfort option frequency 
was considered on the basis of five-year age grouping, the distribution of 
Option selection among the age groups did not differ in a statistically sig- 
nificant fashion. (,° = 4.5, df = 8, p = ns). 

Based upon their selection from among the three discomfort options, the 
study population was divided into three subgroups; then anxiety self-report 
for each of these subgroups was examined over the three MACL testings. 
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Mean anxiety self-report scores 


“Exposure” “Concern” “Manipulation” 
Subgroup Subgroup Subgroup 
Figure 3-4. Anxiety self-report as 
averaged over the three MACL 
testings. Subgroups were formed on 
the basis of selection among the 

three discomfort options. 


Primary source of medical examination discomfort, as it influenced anxiety 
self-report, is shown in Figures 3—4 and 3—5. A repeated measures analysis 
of variance for independent groups was again employed to assess statistical 
significance of differences in anxiety self-report among the three subgroups 
so formed. In this analysis, sex and selection of discomfort option constituted 


— "Exposure" subgroup 
-——-— "Concern" subgroup 
-—-— "Manipulation" subgroup 


Mean anxiety self-report scores 





MACL MACL MACL 
! 2 3 


Figure 3-5. Test-to-test level of 
anxiety self-report among discom- 
fort subgroups. MACL 1: Adjec- 
tive check list anxiety self-report 
before introduction to examining 
physician. MACL 2: Adjective 
check list anxiety self-report with 
examination completed but ex- 
aminee still disrobed. MACL 3: 
Adjective check list anxiety self- 
report following discussion of 
medical findings with examining 
physician. 
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the two independent factors. Since several study participants did not indicate 
a source of examination discomfort, the overall group size examined in this 
second analysis of variance was slightly smaller than that reported in the 
similar statistical analysis reported earlier. Anxiety self-report, as averaged 
of the three testings, differed among the three discomfort subgroups (F = 6.0, 
df = 2/522, p < .01). Group averages for anxiety self-report scores over the 
three MACL testing are shown in Figure 3-4. The “exposure” subgroup 
presented the highest average score while the “manipulation” subgroup pre- 
sented the lowest, with the “concern” subgroup intermediate in level. Test-to- 
test change also differed in a statistically significant fashion between the three 
subgroups (F = 6.6, df = 2/522, p< .01). Responses for each subgroup 
are presented in Figure 3—5 where it is seen that anxiety self-reports within 
the three subgroups are more dispersed at the initial testing when compared 
to levels at the last two testings. Also, although all three subgroups presented 
a trend of test-to-test decrease in anxiety self-report levels, the most prominent 
change was evident among the “exposure” subgroup. 

Within the three discomfort option subgroups, sex of the examinee did not 
significantly influence either anxiety self-report as averaged over the three 
MACL testings or trend of test-to-test change. 


Discussions and Conclusions 


Although the information collected in this study provides the basis for 
interesting speculation about the nature of anxiety associated with a general 
medical examination, there should be recognition of the limitations inherent 
to this set of data. First, the feeling state of “anxiety” itself is certainly not 
facilely quantitated. Even assuming that it were, many individuals might well 
be reticent to express or are, perhaps, even unaware of their “anxiety.” There- 
fore, the scores of anxiety self-report described in this paper should be viewed, 
at best, as only tentative indicators of what might be called “real anxiety 
level.” A second important qualification is posed by the medical examination 
setting in which these anxiety self-report scores were collected. In contrast 
to the usual physician-examinee interaction, initiated because of a patient’s 
health concerns, this particular examination setting is made up of individuals 
actively solicited to receive medical attention. Entry into a medical setting on 
such a basis might be expected to introduce a bias into the reactions and 
responses of the individual. On the other hand, recruitment of this study 
population largely rested upon the enticement provided by a free, complete 
medical check-up. It seems reasonable to assume that such a catering to the 
individual’s concerns about health mitigates, to some extent, the unusual 
nature of the commitment to this particular medical setting. Finally, use of 
a single medical examiner for the entire study population poses an ad- 
ditional problem in interpreting this survey of examination anxiety self-report. 
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In all probability, anxiety self-report was responsive to some degree to the 
physician as a person rather than exclusively to the procedural aspects of the 
medical examination. The use of more than a single examiner would have 
offered a clearer picture of the extent of this influence on examination anxiety 
self-report. However, the use of two or more examiners would have presented 
the countering disadvantage of diluting the consistency of the examination 
setting. 

Anxiety self-report levels accompanying this medical examination, rather 
than being unitary, instead appear keyed to different, ongoing aspects of the 
examination format. Therefore, an appreciation of the events surrounding 
each administration of the mood adjective checklist becomes important in any 
interpretation of anxiety self-report change. The initial checklist testing, com- 
pleted before the examinee’s introduction to the examining physician, most 
likely reflects feeling-state prevalent in anticipation of the up-coming ex- 
amination procedure. The second testing is presumably indicative of feeling- 
state found with the examination itself completed, but with the “trappings” 
of the examination setting maintained (e.g.—the examinee remains in the 
examination room, still disrobed). The final checklist testing would represent 
feeling-state extant, not only after the individual has the immediacy of the 
examination procedure behind him, but also after he has received reassurance 
about his state of health. Anxiety self-report at this third testing, therefore, 
serves as a convenient post hoc baseline with which earlier self-report scores 
can be compared. However, it is important to recognize that, although a con- 
venient baseline, the final checklist testing might well reflect anxiety self- 
report suppressed somewhat below what could be termed “basal level” be- 
cause of the optimistic nature of the just-preceding debriefing session. Such 
an interpretation of the final checklist scores as a baseline provides a rough 
schema to describe overall trends of anxiety self-report during this particular 
medical examination. Anticipation of the examination procedure appears 
associated with the highest level of anxiety self-report. The only partial dissi- 
pation of anxiety self-report level at the second MACL testing suggests that 
the examination milieu itself is an influence upon the level of anxiety re- 
ported during a medical examination. 

Anxiety self-report in the medical examination setting is also influenced 
by the sex of the examinee. At the first two adjective checklist testings, women 
reported higher anxiety scores than did men. The most obvious explanation 
for this between-sex difference resides in the implication, for women, of inter- 
acting with a male examiner. Medical examination procedure, of course, is 
rendered acceptable by long-standing and ingrained attitudes about the 
physician-patient relationship. However, both the state of undress and the 
intimate physical contact characteristic of the examination situation, even 
though acceptable, might still contribute to the higher anxiety self-report 
among women in this study group as they dealt with a male examiner. A pair 
of findings offers support for this idea. First, once the examination procedure 
was completed and the examinees were again fully dressed (at the time of the 
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third checklist testing), there was no sex difference in anxiety self-report 
level. Therefore, the between-sex difference in anxiety self-report cannot be 
explained on the simplistic basis that women, in general, reported more 
anxiety than did men. Instead, the sex disparity seems linked to the anticipa- 
tion of and the actual involvement in the examination procedure; the most 
prominent difference in the examination setting at those points in time was 
the necessity for women to deal with a male physician. Also, among the 
three discomfort options, women more frequently than men selected the two 
choices most closely related to procedural aspects of the medical examination 
(“exposure” and “manipulation”). Their selection, in higher frequency, of 
these two options could also be interpreted as arising from concern at inter- 
acting with a male examiner. 

Source of discomfort in his interaction with the physician proved to be a 
potent influence upon the examinee’s examination anxiety self-report. Anxiety 
self-report, when averaged over the three MACL testings, differed significantly 
between the three discomfort option subgroups. Two of the discomfort option 
subgroups (“exposure” and “concern”) were similar in averaged level of 
anxiety self-report, but together presented higher scores than did the third 
subgroup (“manipulation”). This between-group difference is best under- 
stood by a consideration of the issues underlying each of the three discomfort 
options. An indication that discomfort arises from either “‘exposure” or “con- 
cern” presumably reflects issues for the individual not entirely specific to the 
medical examination setting. “Embarrassment at having to undress” is a trait 
not necessarily exclusive to the medical setting. Likewise, “concern about 
what the doctor might find” implies antecedent doubts or worries about 
health. In contrast, “discomfort at-having someone push and press over your 
body” is an experience largely limited to the medical examination itself. A 
source of discomfort in dealing with an examining physician which has im- 
plications beyond the confines of the medical examination setting would 
logically be accompanied by greater anxiety self-report than one peculiar to 
the examination format itself. 

Moreover, a consideration of test-to-test response of anxiety self-report 
within each subgroup suggests that the issues of physician-examinee inter- 
action reflected by the three discomfort options are most influential as the in- 
dividual anticipates the medical examination. The divergence in level of 
anxiety self-report evident at the initial checklist testing is far less prominent 
at the last two testings. Apparently, once actively engaged with the physician 
in the examination setting, the examinee is less influenced by the issues under- 
lying the three discomfort options in his reporting of anxiety. 
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Chapter 4. Mental Aging 


This chapter contains a series of reports showing the relationship between 
various physical characteristics of the aged and their mental functioning. The 
first shows that aged persons with normal blood pressure have little change in 
mental ability over time. A group with borderline elevations of blood pressure 
have an increase in performance scores, and only those with high levels of 
blood pressure have significant intellectual loss. It concludes that cognitive 
decline is secondary to some pathologic process and not merely a normal aging 
process. 

The second report shows that persons initially aged 60-69 who survived 
ten years had slight cognitive declines, but those initially 70-79 had larger 
declines. The study of terminal changes in intelligence found greatest change 
among those who sustained both acute and chronic illnesses during the 
study. 

The study of neurophysiological correlates of intellectual functioning 
found that decline in intelligence scores was associated with slow EEG fre- 
quencies, focal abnormalities, and low cerebral blood flow. It suggested that 
most mental decline among the aged may be due to a depression of cerebral 
metabolism. The next report shows that there seems to be a general decline in 
EEG occipital rhythm, although this varies in different sex, socioeconomic, 
and age groups. 

The final report in this chapter, from the Adaptation Study, found a small 
increase with age in reaction time, but no difference in percent correct de- 
tections within the middle-age groups. 

When viewed as a group, these reports tend to refute the stereotype of 
general and inevitable decline in cognitive functioning with age. On the con- 
trary, they suggest that when mental decline does occur among middle-age 
and older persons it is usually caused by specific cardiovascular or metabolic 
problems. 


Intelligence and Blood Pressure Frances Wilkie and Carl 
Eisdorfer 


The incidence of hypertension increases with age and is frequently compli- 
cated by cardiovascular disease and strokes (Grover, 1948; Pickering, 1961; 


Reprinted by permission from Science, 172:959-962, 1971. Copyright 1971 by the 
American Association for the Advancement of Science. 
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Harris, 1970; Masters et al., 1952).* Among the middle-aged and the aged, 
hypertension may also be related to psychomotor slowing (Birren et al., 1963; 
Birren et al., 1962; King, 1956; Spieth, 1962; Spieth, 1964), lowered flicker 
fusion threshold (Enzer et al., 1942), and organic brain impairment (Apter 
et al., 1951; Reitan, 1954). Despite these findings, however, relatively little 
attention has been paid to the long-term behavioral effects associated with 
hypertensive disorder. 

This report examines the relation between blood pressure (BP) and in- 
telligence, as measured by the Wechsler Adult Intelligence Scale (WAIS; 
Wechsler, 1955) in aged individuals over a ten-year period. It was hypothe- 
sized that intellectual decline over time would be related to heightened BP. 

The results reported here stem from a longitudinal, multidisciplinary study 
at the Duke University Center for the Study of Aging and Human Develop- 
ment. The noninstitutionalized participants in this program were ambulatory 
volunteers, and although they do not represent a random sample, their sex, 
race, and socioeconomic characteristics approximate those in the Durham, 
N.C., area. The project was not designed specifically to investigate the re- 
lation between BP and intelligence, but rather the BP values were obtained 
during the programmed physical examination and the WAIS was one of 
several psychological tests administered. Each evaluation consisted of physical, 
psychiatric, psychological, and sociological examinations and various labora- 
tory tests. Subjects for the study were examined for a two-day period about 
every two and one-half years (Heyman et al., 1964; Busse, 1970; Palmore, 
1970) 

In this report we focus on data obtained during the first and fourth ex- 
aminations, separated by a ten-year period. The sample involved 202 indi- 
viduals, initially aged 60 to 79 (mean age, 68.9), 87 of whom completed the 
follow-up study. 

Because intellectual decline may be related to age, the subjects in both 
the returning and nonreturning groups were divided into a 60- to 69-year-old 
group (N = 106) and a 70- to 79-year-old group (N = 96) at the time of 
the first evaluation and further subdivided into categories based on the BP 
data obtained at the initial examination. The BP values in this report were 
obtained by standard auscultation technique with the person in a recumbent 
position. Diastolic rather than systolic pressure was used since the two meas- 
ures were highly correlated (p < .01), and diastolic pressure is less sensitive 
to minor fluctuations. The physician rounded the BP values to the nearest 
10 mm Hg. Approximating Masters, Garfield, and Walter’s classification 
(Masters et al., 1952), the subjects were divided into a normal group with 
diastolic pressures between 66 and 95 mm Hg, a borderline elevated group 
with pressures between 96 and 105 mm Hg, and a high group with pressures 


* Our use of “rounded” blood-pressure values has led to the inclusion of values in 
each category which are 4 mm Hg below Masters’s levels. 
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of over 105 mm Hg. All the subjects with high BP who returned and 86 per- 
cent of their nonreturning counterparts had evidence of end-organ change 
(that is, a cardiac-thoracic ratio of more than 50 percent on the basis of actual 
measurements taken from X-ray photographs and clinical signs of eyeground 
changes of grade II or III at their last examination). In the group with mildly 
elevated BP, approximately 35 percent of the 60- to 79-year-olds, as well as 
approximately 10 percent of the normotensives, had eyeground changes of 
grade II, with heightened cardiac-thoracic ratio occurring significantly less 
often (p < .02) than in the high group. In terms of these indices of end- 
organ change, few differences were noted between the returning group and 
the nonreturning normotensive and borderline groups. Because of the nature 
of the study, antihypertensive drug usage could not be controlled. However, 
Spieth (1964) reported evidence that suggests that such drugs would tend to 
attenuate rather than exaggerate any differences in performance between our 
subjects. 

Since the focus is upon normal BP and mild and heightened elevations of 
BP among older individuals with no clinical evidence of cerebrovascular 
disease, the data from 25 additional persons originally examined in the 
longitudinal study (N < 5 in each condition) were excluded here because of 
either missing data on intelligence tests, the presence of diagnosed cerebrovas- 
cular disease, hypotensive BP, or highly labile BP. 

Among the returnees, there was no notable statistical difference between 
BP groups in terms of education, sex, race, or socioeconomic characteristics. 
Since the subjects were divided into two age groups at the time of the first 
examination and followed for ten years, the WAIS weighted scores uncor- 
rected for age were used rather than intelligence quotients (IQ). The WAIS 
Full Scale Weighted Score is the sum of the Verbal and Performance Weighted 
Scores, which are based upon six and five subtest scores, respectively. Intel- 
lectual change (as delta scores) was obtained by subtracting the subjects’ 
WAIS weighted scores on the first examination from those of the fourth 
examination. 

Among the subjects initially examined at age 60 to 69, an analysis of 
variance indicates that there were significant (p < .01) differences between 
the BP groups on the full scale and performance delta scores (df = 2/48, 
F = 6.5 and 11.6, respectively) with the hypertensives having a greater loss 
in overall intellectual ability than the normotensive and borderline elevated 
groups (df = 48, t = 2.9, and 4.3, respectively), with these differences re- 
flected in the performance scores (¢t = 3.3 and 5.9, respectively). Over the 
ten-year period, none of the BP groups at this age had a significant change in 
verbal ability; however, only the normals remained relatively stable in all 
areas. As depicted in Figure 4—1, the borderline elevated group had signifi- 
cantly higher scores in the performance area over time (related mean ¢t = 4.7, 
p < .01, df = 9). In contrast, the hypertensive group had a significant de- 
cline in the performance area which was reflected as a loss in the full scale 
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Figure 4—1. Intellectual change (delta scores) 
over a 10-year period, as measured by the 
Wechsler Adult Intelligence Scale (WAIS) 
among individuals initially examined at ages 
60 to 69 and 70 to 79 with either normal (N), 
borderline elevated (B), or heightened (HA) 
diastolic blood pressure on the initial examina- 
tion. 


score (df = 9, related t= 3.1, p< .02_and related t= 2.4) pi Op puae- 
spectively). 

Figure 4—1 shows the performance weighted delta scores for the normal 
and borderline groups who were initially aged 70 to 79. There were no sub- 
jects with high BP at this age who completed the ten-year study. The normo- 
tensives had a significant decline in overall intellectual ability (related t = 2.9, 
df = 27, p< .01) which was reflected in the performance area (t = 3.3, 
p < .01), as did the borderline group (df = 7, p <2.05, t = 2.5 and 2.6, re- 
spectively). Although the borderline group tended to have a slightly greater 
loss in verbal ability than the normals, the two BP groups were not statistically 
different. 

The data from individuals in each age group were pooled and a product 
moment correlation (see Table 4-1) was used to determine the relation be- 
tween BP and intellectual change (delta scores) on the WAIS subtests and 
weighted scores. For the group initially aged 60 to 69 a heightened BP was 
significantly correlated with the loss on the Verbal, Performance, and Full 


Wilkie and Eisdorfer: Intelligence and blood pressure 91] 


Table 4-1. Product moment correlations between diastolic blood pressure (BP) and 
the Wechsler Adult Intelligence Scale (WAIS) scores. The ‘Initial examination”’ 
columns include all subjects initially examined and reflects the one test score. The 
“Longitudinal study” columns include those subjects completing the 10-year follow- 
up and relates initial BP with intellectual change over the 10-year period. Subjects 
were grouped according to their ages on the first examination. A negative correla- 
tion indicates an inverse relation between BP and performance. 


Initial examination Longitudinal study 
Aged 60 Aged 70 Aged 60 Aged 70 
to 69 to 79 to 69 to 79* 
WAIS (N = 106) (N = 96) (ON 53) (N = 36) 
Verbal weighted scores —.10 — 2 * i — .36*** 
Information — 10) — 200" .04 —.25 
Comprehension —.10 — SA —.21 —.19 
Arithmetic —.13 —.27** — .08 —.11 
Similarities — .06 — 250 <* —.18 —.10 
Digit span —.01 — .22*** yp fit ts —.29 
Vocabulary —.12 —.19 — .06 —.12 
Performance weighted scores — 09 — .32** — .44** —.23 
Digit symbol — .04 — .26** — .40** —.03 
Picture completion —.12 — .34** .07 — .07 
Block design —.11 — .30** — .35** —.13 
Picture arrangement — .09 18 —= 12 —.12 
Object assembly — .04 —.27** — .39** —.30 
Full scale weighted scores —.10 — .30** —.42** —.27 
* In this age group, no individuals with heightened BP completed to 10-year study. 
i) eile 
A) KAO BY 


Scale Weighted Scores. Among the subtests, the digit span, digit symbol, block 
design, and object assembly delta scores were also positively correlated with 
BP. Among those initially aged 70 to 79, a decline on the Verbal Weighted 
Score was positively related to BP. However, since there were no subjects at 
this older age with high BP who completed the follow-up study, this cor- 
relation was limited to the group with normal and mildly elevated BP. 

On the first examination, the Verbal, Performance, and Full Scale WAIS 
Weighted Scores of the returnees were compared with those of their nonre- 
turning counterparts in relation to BP. These Full Scale Weighted Scores are 
shown in Figure 4—2. In the 60- to 69-year-old group, a series of 2 x 3 
analyses of variance indicated the returnees had significantly higher Verbal, 
Performance, and Full Scale Scores than the nonreturnees (df = 1/100, 
p < .05, F = 5.3, 5.1, and, 5.6, respectively). However, among the BP sub- 
groups only the returning hypertensives had significantly higher Verbal, Per- 
formance, and Full Scale Scores than did their nonreturning counterparts 
(df = 100, p < .0S, t= 2.3, and 2.4, respectively). Within the returning 
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Figure 4—2. The initial intelligence test scores (Wechsler Adult Intelligence 
Scale [WAIS]) of aged individuals with normal, borderline elevated, or 
heightened diastolic blood pressure who either returned (R) to complete 
a 10-year follow-up study or did not return (NR). 


group there were no significant differences between the BP subgroups. In 
contrast, within the nonreturning group, the hypertensives had lower Verbal, 
Performance, and Full Scale Scores than did the normals (df = 100, p < .05, 
t = 2.4, 2.5, and 2.1, respectively), as well as lower Performance Scores than 
the borderline subgroup (¢ = 2.1, df = 100, p < .05). Since the two sub- 
groups with high BP were functioning at different levels, when data from all 
returning and nonreturning subjects were pooled, a product moment correla- 
tion (Table 4-1) indicated that on the first examination BP was not related 
to intelligence. 

Figure 4—2 also shows the Full Scale Scores for the 70- to 79-year-olds on 
the first examination. There were no returning subjects with high BP and 
those who did return with normal and borderline pressure had WAIS scores 
similar to scores on the initial examination. In contrast, within the nonreturn- 
ing group, the hypertensives had significantly lower Verbal, Performance, and 
Full Scale Scores than did the normals (df = 51, p< .01, independent 
t= 3.1, 3.1, and 3.2, respectively). When data for the returning and non- 
returning subjects at this age were pooled, a product moment correlation 
(Table 4-1) indicated that heightened BP was associated (p < .01) with low 
Verbal Performance, and Full Scale Weighted Scores, and this was also true of 
all the subtests except for vocabulary an@ picture arrangement. 

These results indicate that among individuals initially examined at ages 
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60 to 69, hypertensive levels of BP were associated with significant intellectual 
loss over a ten-year period. In contrast, their normotensive age peers re- 
mained relatively unchanged over time, while a group with borderline eleva- 
tions of BP had higher performance scores. Since practice effects would be 
expected to slightly increase the scores across four testing sessions, the dif- 
ferences between the BP groups may reflect differential rates of decline in 
mental abilities rather than actual intellectual improvement among those 
with mildly elevated BP. Nevertheless, the increase in Performance Scores 
during this period for the group with borderline elevations of pressure tends 
to support Obrist’s (1964) contention that mild elevations of BP may be 
necessary among the aged to maintain adequate cerebral circulation. Our 
failure to duplicate this pattern for the older subjects (those initially examined 
at ages 70 to 79) suggests that even in the face of mild elevations of BP other 
factors may be operating to compromise cerebral circulation. Perhaps the 
duration of cardiovascular disease, with consequent structural change or other 
interacting pathology relating to more advanced age, may intervene. 

These results raise questions about adaptation to the effects of high BP. 
Since none of the older subjects with high BP completed the follow-up study 
and those of younger age who completed it were superior to their counter- 
parts who were subsequently lost to the study, it might be appropriate to ask 
whether some individuals develop compensatory mechanisms to hypertension 
and therefore adjust to it with minimum difficulty for protracted periods, 
whereas others who do not develop adequate physiologic or anatomic com- 
pensations manifest central nervous system difficulties with cognitive deficits 
and progressively severe physical -pathology. 

An earlier cross-sectional study (Thompson et al., 1966), in which the 
same subjects were tested, suggested that socioeconomic status may be a 
contaminant in any investigation of cardiovascular disease difficulty, since the 
incidence of cardiovascular disease is high in the low socioeconomic group. 
In this context, it should be noted that in this ten-year longitudinal study, ap- 
proximately 70 percent of the subjects within each BP group were of a non- 
manual occupational background, and, furthermore, the amount of intellectual 
change over time was approximately the same for all subjects within each 
BP category regardless of whether the subjects were of a manual or non- 
manual occupational background. 

It is also of particular significance that in contrast to cross-sectional studies 
(Wechsler, 1958) which report a decline in intelligence across the later 
decade of life, longitudinal studies of intellectual ability (Blum et al., 1970) 
have raised some doubts as to the generality of such decline in relatively 
healthy aged at least through age 75. To this end, the presence of large num- 
bers of aged with cardiovascular illness suggests that the basis for the cog- 
nitive decline associated with aging after maturity should be considered sec- 
ondary to some pathologic processes and not merely as a “normal” aging 
process. 
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Intellectual Changes Carl Eisdorfer and Frances Wilkie 


The effect of advancing adult age on intellectual performance has been a 
topic of some interest in recent years. Numerous investigators (Bell and 
Zubek, 1960; Eisdorfer, Busse, and Cohen, 1959; Jarvik, Kallmann, and 
Falek, 1962; Kleemeier, 1961) have suggested that the data reported by 
Kaplan (1956) and Doppelt and Wallace (1955) on the standardization of 
the Wechsler Adult Intelligence Scale (WAIS) for the postmaturity years 
should be subject to further scrutiny. Also of major interest has been the 
discrepancy in results between the cross-sectional studies which show an age 
related decline (Doppelt and Wallace, 1955; Wechsler, 1958) and the 
longitudinal studies which have reported little age decrement in intellective 
abilities (Berkowitz and Green, 1963; Eisdorfer, 1963; Jarvik, Kallmann, and 
Falek, 1962; Jarvik, Kallmann, Falek, and Klaber, 1957; Kallmann and 
Jarvik, 1959; Kleemeier, 1961, 1962). Another relevant issue is whether the 
initial level of intelligence might affect the differential rates of intellectual 
decline among the aged (Bayley and Oden, 1955; Eisdorfer, 1963; Eisdorfer 
and Cohen, 1961; Owens, 1957). 

The results reported here represent the most recent findings on intellectual 
functioning among a group of relatively healthy community volunteers who 
were participants in a longitudinal, interdisciplinary study at the Duke Uni- 
versity Center for the Study of Aging and Human Development. . . . 

Based upon data obtained during the early stages of the Duke Study, 
several reports were presented which questioned the generality of the WAIS 
norms for older individuals (Eisdorfer and Cohen, 1961; Eisdorfer, Busse, 
and Cohen, 1959). In addition, Eisdorfer (1963) reported on the initial 
three-year retest evaluation which demonstrated little overall decline with the 
subjects tending to show minor changes in test performance in the general 
direction of a regression toward the mean. 


Method 


The testing involved 224 subjects in the 60-79 age range, 98 of whom 
completed four examinations during the ten-year follow-up period. Employing 
a cross-sectional as well as a longitudinal strategy, the focus in this report is 
upon the intellectual changes among the survivors of the ten-year study as 
well as upon the intellectual performance of the subjects who were lost to the 
program prior to the fourth evaluation. In addition, differential rates of in- 
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tellectual decline will be examined as a function of initial intellectual level. 

The results have been tabulated into three separate analyses. In each 
analysis, the data for the 120 subjects who were initially examined in the 60— 
69 age range and the 104 subjects initially in the 70—79 age range were treated 
separately. The data to be reported upon in this paper consists of the Full 
Scale, Verbal, Performance and IQ scores. 

The first analysis examines the Full Scale Scores from all subjects who 
had a given examination regardless of whether or not they returned for sub- 
sequent examinations. In addition, this sample was divided into a survivor’s 
group which included subjects who had completed the ten-year follow-up 
study and a nonsurvivor’s group which included subjects who were lost to 
the program following the first, second, or third examinations. In the second 
analysis, a cross-sectional strategy is employed to examine the intellectual 
changes for the total sample across the ten-year period as a function of initial 
intellectual level. The third analysis focuses upon those subjects who com- 
pleted all (i.e., four) examinations during the ten-year period and employs a 
longitudinal strategy to examine the intellectual changes over time as a func- 
tion of initial intellectual level. 


Results 


Analysis 


The first analysis examines the Full Scale Scores using both a cross- 
sectional and a longitudinal paradigm. For the subjects initially examined in 
the 60-69 and 70-79 age range, Figure 4—3 presents the mean Full Scale 
Scores for the total sample, which includes the entire testing sample at each 
examination independent of whether the subjects returned for subsequent 
examinations. Figure 4—3 also shows the survivors and nonsurvivors, sepa- 
rately. The data for the nonsurvivors are presented in three categories ac- 
cording to the number of examinations they had: (1) only the initial test; (2) 
tests 1 and 2; (3) tests 1, 2, and 3. Since the scores are plotted according to 
the mean age of the subjects at each examination, it should be noted that the 
third and fourth examinations of the younger age group (initially examined at 
age 60-69) occurred at about the same age of the subjects as that of the first 
testing of the older group (initially examined at age 70-79). This results in 
the two curves overlapping between the ages of 72 and 74 years. 

There was a positive linear relationship between the Full Scale Scores on 
the initial examination and the survivorship of the subjects during the ten- 
year period. This was true of both the young and old age groups (r = .20, 
df= 118, p< .05; and r= .28, df=102, p< .01, respectively) with 
an identical relationship significantly (p < .01) seen in the verbal and per- 
formance areas. Thus, the survivors (subjects who had four examinations) 
had markedly higher Full Scale Scores than did their counterparts who did not 
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Figure 4-3. The Wechsler Adult Intelligence Scale (WAIS) scores during 
a ten-year longitudinal study of individuals initially examined at ages 60-69 
and 70-79. The total sample, represented by the solid line, includes all 
subjects at each testing, regardless of whether they returned for subsequent 
examinations. The survivors, represented by the dotted curve, includes only 
those subjects who had all four examinations during the ten-year period. 
The nonsurvivors, represented by the dashes, are grouped according to 
whether the subjects had only the initial test (represented by the X); tests 
I and 2 (represented by the squares); or tests 1, 2, and 3 (represented by the 
triangles). 


return for all four examinations. The scores for the total sample fell between 
the scores of the survivors and nonsurvivors. It should be noted that with 
repeated examinations the total sample becomes more identical with the 
survivor’s sample so that they are identical by the fourth examination. In 
general, the survivors tended to be more stable across the first three examina- 
tions than were the nonsurvivors although both groups had changes in the 
same direction (i.e., increases or losses) between examinations. 

Although the survivors were not as labile as were the nonsurvivors across 
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the first three examinations, nevertheless by the fourth examination the 
survivors did show some loss from their initial level. Across the {0-year 
period, the survivors who were initially examined at age 60-69 had a signifi- 
cant loss of 2.6 points in Full Scale Score (t = 2.1, df = 60, p < .05) which 
was primarily attributed to a 2.0 loss in the performance area (t = 2.8, 
p < .01). Over the ten-year period, the survivors initially examined at ages 
70-79 had significant (p < .01) decrements of 7.3 points in Full Scale Score 
(¢ = 4.0, df = 36) and a 3.7 and 3.6 point loss in the verbal and performance 
areas (t = 3.1 and 4.4, respectively). Over the ten-year period, the older 
group of survivors had a significantly greater decrement in Verbal and Total 
Scores (f= 2.2 and 2.2, respectively, df = 96, p< .05) than did their 
younger counterparts. It was interesting to note that the younger group of 
survivors had significant gains in Full Scale, Verbal, and Performance IO 
Scores over time (mean increments = 8.4, 8.0, and 8.3, respectively) which 
were significant at the 0.01 level (t = 10.2; 9.1; and 8.2, respectively, df = 
60). On the other hand, the older group of survivors remained relatively un- 
changed in IQ over time. 


Analysis 2 


The second analysis employs a cross-sectional paradigm. The entire 
sample was divided into a low-, middle-, or high-IQ group based upon the 
subject’s Full Scale Score on the initial examination with each subject re- 
tained in that category through any subsequent examinations. For all sub- 
jects, the categorization was based upon the IQ equivalent of their Full Scale 
Score using Wechsler’s conversion table (Wechsler, 1955) for the 55-64 age 
group. According to this categorization the low group had an IQ equivalent 
to 85; the middle group had an IQ range equivalent to 85-115; and the high 
group had an IQ equivalent to 116+. It is important to note that these num- 
bers do not reflect the subjects’ actual IQ scores at the time of the examina- 
tion but rather enable us to evaluate all subjects against the same baseline 
categories. 

Figure 4—4 shows the difference between the mean Full Scale Scores at 
the beginning and at the end of the ten-year period for those subjects in the 
low-, middle-, or high-IQ groups. In this analysis, the results of the entire 
sample tested at test one and test four were incorporated into the analytic 
schema. Thus, for the group initially examined at age 60-69 years, there 
were 120 subjects at test 1 and 61 subjects at test 4. For the group initially 
examined at age 70-79 years, there were 104 subjects at test 1 and 37 sub- 
jects at test 4. The intellectual difference scores for both the younger and 
older age groups were obtained by subtracting the initial examination scores 
of the total sample (which included all subjects independent of whether they 
returned for subsequent examinations) from the fourth examination scores 
of the subjects who returned to complete the fourth evaluation. 
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Figure 4-4. Cross-sectional dif- 
ferences in Weschsler Adult Intel- 
ligence Scale (WAIS) full scale 
weighted scores between the be- 
ginning and end of a ten-year period 
among individuals initially examined 
at ages 60-69 and 70-79, with 
either low, middle, or high WAIS 
scores on the initial examination. 


For both age groups, in this analysis all three IQ groups showed some 
loss in the verbal and performance areas which was reflected in their Full 
Scale Scores. At both ages, the middle IQ group remained relatively more 
stable over time than did the remaining IQ groups with the high IQ group 
having the greatest loss. A comparison of the young and old subjects at each 
IQ level indicated little difference between the two age groups in the middle 
IQ range, while the older groups (initially aged 70-79) in the low and high 
IQ categories had losses of 1.9 and 5.9 points greater than that of their 
younger (initially aged 60-69) counterparts, respectively. 


Analysis 3 


The longitudinal analysis included only the data from the survivors of the 
ten-year study and examined intellectual change across time as a function of 
initial test score level, using the three IQ categories described in the second 
analysis (above). Intellectual change was determined by subtracting the 
subject’s score on the initial examination from their scores on the fourth 
examination. At each age level, Figure 4—5 shows the mean Full Scale Score 
changes between the initial and fourth examinations. 
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Figure 4-5. Longitudinal change 
(delta scores) over a ten-year period 
as measured by the WAITS (full scale 
weighted scores) among individuals 
initially examined at ages 60-69 and 
70-79, with either low, middle, or 
high WAIS scores on the initial ex- 
amination. 
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Based upon a series of one way analysis of variance, the results indicated 
that at each age level the low-, middle-, and high-IQ groups had approxi- 
mately the same magnitude of intellectual change over time in Full Scale, 
Verbal, and Performance Scores. Although the initial level of intelligence was 
not related to the magnitude of intellectual loss over time, nevertheless at the 
younger age the middle-IQ group did have a significant loss in the performance 
area over time (related t = 2.1, df = 32, p < .05). At the older age, the 
middle IQ group also had a significant loss in the performance area (t = 3.4, 
df = 17, p < .01) as well as in the verbal (t = 2.2, p < .05) and over-all 
scores (t = 2.8, p < .02). In addition, at the older age the high IQ group 
had a significant loss in the performance area (t = 2.6, df = 8, p < .05). 
A comparison of the Full Scale Score changes between the younger and 
older subjects at each IQ level indicated that the middle IQ group at the older 
age had a loss almost three times as great as that experienced by their younger 
counterparts in the Full Scale Score (t = 2.1, df = 49, p < .05). The old 
and young subjects at the low and high IQ levels did not differ significantly in 
the magnitude of decline over time. 


Conclusions 


Our results replicate previous findings in that our sample of aged in- 
dividuals who were able to complete a ten-year longitudinal study were func- 
tioning at a higher intellectual level than were their counterparts who were 
unable to complete this program. Viewed somewhat differently, the initial 
over-all intellectual level of our subjects was positively correlated with survi- 
vorship (i.e., continued participation in the study). 

The total sample, which included the scores of the survivors and non- 
survivors pooled, showed an increase over time, in contrast to the decrement 
noted among the survivors and nonsurvivors separately. This appears to re- 
flect a potential artifact in analyzing such data across time. The appropriate 
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analysis of longitudinal data should involve using data only from the same 
subjects across time where subjects are lost secondary to death or drop out. 
The resultant analysis may in fact be that of a repeated measurement of cross- 
sectional samples (i.e., where the total N at each time slice is analyzed and 
the consequent slices compared across time). In this instance the survivors 
were more stable and at a higher level than the nonsurvivors. Thus, repeated 
analyses of the total sample were increasingly limited to and affected by the 
superior performance of the survivors. During the ten-year study there was 
a substantial loss of subjects with the lowest IQ group having a loss of 72 
percent, the middle IQ group 51.4 percent, and the high IQ group sustaining 
a loss of only 36.8 percent of their subjects. Thus, in the final stages of this 
study, the data are biased to the extent that a smaller percentage of the 
initially less able were available for subsequent retesting than were the 
initially more able. 

The survivors of the ten-year study who were initially examined at ages 
60-69 had a significant decrement over time in the performance area which 
was reflected in a slight but reliable 2.6 mean drop in their over-all scores. 
The survivors first examined at ages 70—79 had a significant loss in all areas. 

The literature offers somewhat contradictory findings with respect to the 
relationship between initial levels of ability and the subsequent rate and magni- 
tude of decline. At the more advanced ages there is little data available on 
people with superior or subnormal abilities. However, previous findings have 
suggested that through the mid-fifties, the initially more able remain relatively 
stable or show some gains particularly in verbal abilities (Bayley and Oden, 
1955; Gilbert, 1935; Nisbet, 1957). The data on people of subnormal abili- 
ties have been inconsistent (Bell and Zubek, 1960; Foulds and Raven, 1948; 
Kaplan, 1943; Thompson, 1951). The slight decline noted among aged 
individuals of average abilities has been somewhat less in longitudinal studies 
than that observed in cross-sectional studies (Doppelt and Wallace, 1955; 
Eisdorfer, 1963; Kallmann and Jarvik, 1959; Kleemeier, 1961; Jarvik, Kall- 
mann, and Falek, 1962; Jarvik, Kallmann, Falek, and Klaber, 1957; Miles, 
1934). When examined longitudinally, our results support Birren and Mor- 
rison’s (1961) findings in that individuals at different initial levels of intel- 
lectual functioning (i.e., low-, middle-, or high-IQ) subsequently maintain 
relatively similar patterns of intellectual change over time. In spite of this 
finding, some of our IQ subgroups did have significant losses over time from 
their initial level. Thus, our subjects in the middle IQ range who were initially 
tested at ages 60-69 years had a slight but significant decline in the perform- 
ance area while their older counterparts (initially tested at ages 70-79) had 
a decrement in all areas. Our older group of initially more able individuals 
(high IQ) had a loss over time in the performance area. In contrast, our 
people with low IQ at both age levels had a slight but nonsignificant loss over 
time. Thus, the decline noted in the performance area among the entire 
sample (independent of initial IQ level) of survivors first examined at ages 
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60-69 years could be primarily attributed to those subjects in the middle IQ 
range at this age. Further, the significant losses in all areas observed among 
the entire sample of survivors initially tested at age 70-79 could be primarily 
attributed to those subjects in the middle IQ range, with the high IQ in- 
dividuals also accounting for some of the decline noted in the performance 
area. 


Summary 


In a ten-year longitudinal study, intellectual functioning as measured by 
the Wechsler Adult Intelligence Scale (WAIS) was examined in 224 com- 
munity volunteers in the 60-79 age range, 98 of whom returned to complete 
all four examinations during the ten-year period. 

Longitudinal analysis demonstrated that persons with initially higher WAIS 
scores appear to show a better prospect for survivorship, have more stable 
ability levels (at least on repeated WAIS testing), and certain IQ subgroups 
showed a slight, albeit significant, drop in intellectual functioning. This in- 
tellectual decline over the 10 year period appeared to be primarily among our 
older individuals who were initially of average and superior intellectual func- 
tioning (mean age at initial testing was 72 years and at the fourth examination 
was 82 years) and among the middle ability range of the younger subjects 
who were 64 years old at the initial testing and 74 years old at the fourth 
examination. The role of initial level of ability in survivorship and its relation 
to a possible methodologic error of repeated cross-sectional analyses over time 
is highlighted by these data. 
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Terminal Changes in Intelligence Frances Wilkie and 
Carl Eisdorfer 


During the past decade increased attention has been focused upon identify- 
ing some of the physiological, psychological, and sociological predictors of 
longevity, or conversely, of impending death among the aged. As discussed by 
Granick (1971) in a review of the cognitive aspects of longevity, health 
status and various social or demographic factors appeared to be the pre- 
dominant predictors of longevity although there was strong evidence to indi- 
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cate that cognitive functioning may also be a good psychological predictor of 
survival. There is, in fact, evidence that a marked decrement in intellectual 
performance is associated with death within one to five years (Berkowitz, 
1965; Goldfarb, 1969; J. Jarvik and Blum, 1971; L. F. Jarvik and Falek, 
1963; Kleemeier, 1962, 1961; Lieberman, 1965; K. F. Riegel IS 7iiear. 
Riegel, R. M. Riegel, and Meyer, 1967; Sanderson, 1961). Despite this 
evidence, however, relatively little is known about the relationship to other 
factors that appear to be associated with cognitive functioning in the aged. 
Recent reviews by Botwinick (1970), Granick (1971), Palmore (1971a, 
1971b), and Rose (1971) suggest that the intellectual changes before death 
may be a function of such factors as initial intellectual level, physical health, 
or the distance from death at the time of testing. 

This report, with findings from a 15-year follow-up study of aged in- 
dividuals, tests the hypothesis that intellectual changes are related to near- 
ness to death. In addition, however, such changes if found will be examined 
in relationship to initial level of intellectual performance and physical health. 


Method 


The subjects were 37 nonsurviving and 66 surviving participants in an 
interdisciplinary, longitudinal study of ambulatory, community volunteers at 
the Duke University Center for the Study of Aging and Human Develop- 
ment. The subjects do not represent a random sample, although the sex, race, 
and socioeconomic characteristics of the original panel of 256 subjects ap- 
proximated those in the central North Carolina area (Maddox, 1962). In 
this ongoing study, there were six evaluations over a 15-year period. Each 
evaluation consisted of physical, psychiatric, psychological, and sociological 
examinations and various laboratory tests (Busse, 1965). The study sample 
is limited to those who were seen for at least three evaluations. 

Because cognitive changes may occur a number of years prior to death, 
the focus among our nonsurvivors is upon intellectual changes on three 
evaluations over approximately a six-year period prior to the death of each 
subject. The sample was also limited to those who died from natural causes 
within a three-year period after their final test. Their mean ages on the first, 
second, and third tests focused upon in this report were 74, 77, and 80 years, 
respectively, and their mean age at death was approximately 82 years. Based 
upon the time interval between the final test and death, the 37 nonsurviving 
subjects were divided into three subgroups which included 13 subjects who 
died within 0 to 12 months after their final test, 16 subjects who died within 
13 to 24 months, and 8 subjects who died within 25 to 32 months after their 
final test. 

The sample.of 66 survivors included only those subjects who have sur- 
vived for more than four years since the last of the three tests focused upon 
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in this report when their mean ages were 74, 77, and 79 years respectively. 

Intellectual performance was measured by the Wechsler Adult Intelligence 
Scale (WAIS) (Wechsler, 1955). Our focus is upon the Full Scale, Verbal, 
and Performance Weighted (Wtd.) Scores on three tests as well as upon the 
change in these scores (as delta scores) between evaluations. 


Results and Discussions 


On the issue of a decline before death 


The results indicated that the survivors and nonsurvivors did not differ 
significantly in age, with subjects initially ranging in age between the late 
60s to the early 80s. Further, within the surviving and nonsurviving groups 
there were no significant age effects on the actual WAIS scores or on the mag- 
nitude of change in these scores between evaluations. 

Figure 4—6 shows the mean Full Scale, Verbal, and Performance 
Weighted Scores for the survivors and the three nonsurviving subgroups on 
the three tests. Analyses of variance indicated that there were no significant 
differences between the survivors and the three nonsurviving subgroups in the 
actual WAIS scores. Even when the nonsurvivors were pooled independently 
of distance from death, their actual scores were not statistically different from 
those of the survivors. Among the nonsurvivors those nearest to death tended 
to have the lowest scores, however, nonsignificant product moment correla- 
tions ranging from .090 to .224 indicated that there was no significant re- 
lationship between the actual scores and nearness to death. 

Although the survivors and nonsurvivors did not differ in the actual scores 
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Figure 4—6. The intelligence test scores [Wechsler Adult Intelligence Scale 
(WAIS)] on three evaluations of aged individuals who either have survived 
(S) for more than four years after the third test or died (NS) within 0-12 
mos., 13-24 mos., or 25—32 mos. after the third test. 
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Figure 4-7. Changes in WAIS Full Scale 
Weighted Scores from the test I level for the 
survivors (S) and the nonsurvivors (NS) whose 
deaths occurred within 0-12 mos., 13-24 mos., 
or 25-32 mos. after the third test. 


they did differ significantly in the magnitude of change in scores between 
evaluations. Figure 4—7 shows the mean changes in the Full Scale Weighted 
Scores from the test 1 level for the survivors and the three nonsurviving sub- 
groups. Analyses of variance indicated that only the nonsurviving 13-24 
month and 25-32 month subgroups had significantly greater losses than the 
survivors which occurred between tests 1 and 2 and were reflected in their 
overall changes between tests 1 and 3) (df= 3/102) F = 3:30,p4 .05; and 
F= 6945p <0; respectively). Differences between tests 2 and 3 were not 
significant with the survivors as well as the nonsurvivors experiencing some 
decline. 

Figure 4-8 shows the mean changes in the Verbal Weighted Scores from 
the test 1 level for the survivors and the three nonsurviving subgroups. Signifi- 
cant between-group differences were found between each evaluation. Thus, 
between tests 1 and 2, the nonsurviving 25-32 month and 13-24 month 
subgroups had significantly greater losses than the survivors, with the 13-24 
month group also experiencing a greater loss between tests 2 and 3 which for 
this latter group was reflected in a greater loss over the three tests (df = 
3/102) F-=12.93) and 3.06, p < .05; and F= 5:82, spreOls respectively). 

Figure 49 shows the mean changes in the Performance Weighted Scores 
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Figure 4-8. Changes in WAIS Verbal Weighted 
Scores from the test I level for the survivors (S) 
and the nonsurvivors (NS) whose deaths oc- 
curred within 0-12 mos., 13—24 mos., or 25—32 
mos. after the third test. 


from the test 1 level for the survivors and the nonsurviving subgroups. All 
groups had some loss, however, only the nonsurviving 13-24 month and 
25—32 month subgroups had significantly greater losses than the survivors oc- 
curring only between tests 1 and 3 (df = 3/102, F = 4.15, p < .01). 
These results in part support previous findings of a terminal drop in in- 
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Figure 4-9. Changes in WAIS Performance 
Weighted Scores from the test'I level for the sur- 
vivors (S) and the nonsurvivors (NS) whose 
deaths occurred within 0-12 mos., 13-24 mos., 
or 25-32 mos. after the third test. 
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tellectual performance. Thus, the groups that died within 13 to 32 months 
after testing had greater losses than did the survivors and the major portion 
of observed loss occurred approximately 7 to 10 years before death. In con- 
trast, the group that died within one year after the final test had intellectual 
changes that were not markedly different from those of the survivors. We 
also examined the earlier performance of the subjects whose deaths occurred 
within one year after the final testing. Although only 8 out of the 13 subjects 
in this group could be followed back for 12 to 15 years, no significant decline 
was noted. 

In contrast to Berkowitz’s (1965) and Lieberman’s (1965) findings, 
these results suggest that psychological changes do not always increase with 
increasing nearness to death. In fact, among our nonsurvivors nonsignificant 
product moment correlations ranging from —.06 to —.18 indicated that the 
magnitude of observed intellectual changes was not related to distance from 
death. Further, our findings do suggest that some but not all individuals ex- 
perience a marked intellectual loss before death. Thus, independent of dis- 
tance from death, 24 percent of the nonsurvivors had no change or even gains 
of up to 3 points in the Full Scale Weighted Scores over the three tests, with 
an additional 22 percent having losses of less than 6 points. The remaining 
nonsurvivors had losses ranging up to 44 points. 


Why do some subjects decline? 


There is then the question of why do some individuals have dramatic 
intellectual loss and others have little change before death? In an attempt to 
provide some answers to this complex problem we examined intellectual 
changes before death in relationship to initial level of performance as well as 
in relationship to physical health. 

Initial intellectual level as a variable. As indicated in the reviews by 
Botwinick (1967, 1970) and Granick (1971) the initially less able intel- 
lectually tend to die sooner than the initially more able. It might also be as- 
sumed that differential rates of intellectual decline may be associated with 
differential initial levels of performance. In order to examine the effect of 
initial performance level upon subsequent intellectual changes before death, 
the survivors and the total sample of nonsurvivors (i.e., independent of dis- 
tance from death) were divided into low-, middle-, or high-IQ groups based 
upon the subject’s Full Scale Weighted Score on the first test focused upon in 
this report with each individual retained in that category through subsequent 
examinations. For all subjects, the categorization was based upon the IQ 
equivalent of their Full Scale Weighted Scores using Wechsler’s conversion 
table (1955) for the 55-64 age group. According to this categorization, the 
low group had an IQ equivalent to less than 85; the middle group had an IQ 
range equivalent to 85-115; and the high group had an IQ equivalent to 
116 or more. It is important to note that these numbers do not reflect the 
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subjects’ actual IQ scores at the time of the examination; rather they enable 
us to evaluate all subjects against the same baseline categories. 

Figure 4-10 shows the mean changes in the Full Scale scores be- 
tween tests | and 3 for the survivors and nonsurvivors in the low, middle, and 
high IQ groups. When compared to the survivors, only the middle and high 
IQ nonsurvivors showed significant losses (tf = 2.77 and 3.09, p < .01, 
df =55 and 21, respectively). Further, the high IQ nonsurvivors had a 
significantly greater loss than their surviving counterparts in the verbal 
(p < .05) as well as in the performance areas (p < .01) while the non- 
surviving middle IQ group had a significantly greater loss than their surviving 
counterpart only in the verbal area (p < .01). The nonsurviving low IQ 
group did not differ significantly from their surviving counterpart. In view of 
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Figure 4-10. Changes in WAIS Full Scale Weighted Scores between 
tests I and 3 for the survivors (S) and nonsurvivors (NS) with 
either low, middle, or high WAIS scores on test 1. 
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our finding that the group within one year from death at the final testing had 
less intellectual change than did their counterparts who were 13-32 months 
away from death, it should be noted that the nonsurvivors did not differ 
significantly with respect to the proportion of subjects in the low-, middle-, 
or high-IQ categories. 

Physical health as a variable. In a further attempt to identify some of 
the underlying factors associated with intellectual changes before death, the 
physical health status of each subject was examined over the period focused 
upon in this report. As suggested by Granick (1971) poor physical health 
may be the basic factor related to a short life span as well as to the low level 
of cognitive functioning observed among these individuals. However, the 
relationship between cognitive functioning and physical health appears to be 
a complex one. Estes (1969) in discussing the health experience of the 
elderly, suggests that the aged person once he has put aside the anxiety about 
the significance of various symptoms, for which little may be done in a 
curative sense, may actually accept these symptoms as a part of growing old. 
Thus, he suggested that chronic diseases among the aged may frequently re- 
sult in only mild physical limitation. On the other hand, the aged have a 
special problem in that a given illness is frequently superimposed upon a 
variety of preexisting chronic diseases and upon an organ system which may 
have lost much of its reserve capacity. In such cases the older person’s health 
may be in such a delicate state of balance that even a “minor” or acute illness 
(i.e., respiratory infections, injuries, etc.) may lead to major consequences 
resulting in prolonged physical disability. Relatively little attention has been 
focused upon examining the relationship between chronic diseases and cog- 
nitive functioning, with even less attention directed towards the effects of an 
acute illness upon performance. 

This raises the issue of whether differential rates of intellectual change 
among the aged may in part be related to acute illnesses superimposed upon 
chronic diseases. Our first analysis focused upon cardiovascular disease be- 
cause it is a major health problem of the aged (Estes, 1969; Grover, 1948; 
Harris, 1970; Masters, Garfield, and Walters, 1952) and has been related to 
low levels of cognitive functioning (Apter, Halstead, and Heimburger, 1951; 
Birren, Butler, Greenhouse, Sokoloff, and Yarrow, 1963; Birren and Spieth, 
1962; Eisdorfer, 1967; Enzer, Simonson, and Blakstein, 1942; King, 1956; 
Reitan, 1954; Spieth, 1964, 1962; Wilkie and Eisdorfer, 1971, 1972, 1973). 
The second analysis is focused upon intellectual changes in relationship to 
the presence or absence of acute illnesses (i.e., infections, injuries, surgery, 
etc.) superimposed upon chronic diseases (i.e., heart disease, emphysema, 
CLeM)r 

The first analysis examined the association between change in intellectual 
functioning and cardiovascular disease among the survivors and nonsurvivors 
independent of distance from death. For each subject an internist made an 
overall assessment of cardiovascular disease (CVD) on the basis of physical 
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findings, electrocardiographic interpretation, estimates of heart size on the 
basis of actual measurements from X-ray photographs, aortic calcification, hy- 
pertension, and cardiac decompensation by history. Subjects were rated on a 
9-point scale on which 0 represented no heart disease and 9 represented defi- 
nite heart disease with severe symptoms and signs despite rest in bed (pre- 
terminal state). Based upon each subject’s CVD rating on his third evaluation 
reported here, subjects with CVD were divided into two categories: those with 
mild and those with moderately severe disease. The mild category included 
those with ratings of 2 or 3 (definite heart disease, no limiting symptoms, no 
therapy for failure, or definite heart disease with no limiting symptoms con- 
trolled by drugs). The moderate category included the subjects with ratings of 
4 or 5 (definite heart disease and mild to moderate limitation of activity). The 
NCVD category included subjects with no symptoms or evidence of heart 
disease. 

Figure 4-11 shows the mean changes in Full Scale Weighted Scores be- 
tween tests 1 and 3 for the survivors and nonsurvivors in the NCVD, Mild and 
Moderate CVD groups. Although 59 percent of the survivors and 62 percent 
of the nonsurvivors had CVD, only 6 percent of the survivors compared to 
32 percent of the nonsurvivors had moderately severe CVD. Among the sur- 
vivors, there was relatively little intellectual change independent of the pres- 
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Figure 4-11. Changes in WAIS Full Scale Weighted Scores between 
tests 1 and 3 for the survivors (S) and nonsurvivors (NS) with 
either no cardiovascular disease (NCVD), mild or moderately severe 
CVD. 
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ence or absence of CVD. In contrast, among the nonsurvivors intellectual loss 
tended to increase with increasing severity of CVD, however, it should be 
noted that the NCVD group tended to have the greatest loss. When compared 
to their surviving counterpart, the nonsurviving NCVD group had a signifi- 
cantly greater loss (t = 2.95, p < .01, df = 39). In contrast, no statistical dif- 
ference was found between the surviving and nonsurviving groups with mild 
CVD. Because there were only four survivors with moderately severe CVD, 
no statistical comparison was done with their nonsurviving counterpart, how- 
ever, it should be noted that the survivors had a gain of 1.5 points while the 
nonsurvivors had a mean loss of about 7 points. 

The finding that nonsurvivors with no cardiovascular disease not only had 
a significantly greater intellectual loss than survivors but also tended to have a 
greater loss than the nonsurvivors with cardiovascular disease pointed to the 
need to examine the effects of all chronic diseases as well as the effects of 
acute illnesses upon intellectual changes among the aged. For purposes of this 
analysis, each subject’s medical record was reviewed for the period focused 
upon in this report. The chronic disease category included subjects with car- 
diovascular disease, emphysema, arthritis, diabetes, epilepsy, etc. None of the 
subjects in the chronic disease category had experienced an acute illness dur- 
ing the period focused upon in this report. The second category included sub- 
jects with acute illnesses or with acute illnesses along with a chronic disease. 
Acute illnesses were defined as any infections, injuries, or other minor illnesses 
requiring medical care. Subjects undergoing surgery were also included in this 
group. The presence of such events at any time during the period under ex- 
amination led to the subjects being considered in this second category. 

The results indicated that the survivors appeared to be relatively free of 
chronic diseases other than cardiovascular disease with only about 17 percent 
of the group having experienced an acute illness. In contrast, all (i.e., 100 per- 
cent) of the nonsurvivors had chronic diseases (i.e., mild to moderate CVD, 
emphysema, long history of diabetes, epilepsy, etc.) with 46 percent of the 
group also presenting symptoms or a history of recent acute illnesses including 
pulmonary and urinary tract infections, serious injuries, and/or major surgery, 
the latter sometimes occurring only a few months before the subject was tested 
in our laboratory. 

Because only a small number of survivors had experienced acute illnesses 
and these did not appear to be accompanied by intellectual decline, our focus 
in this case was limited to the nonsurvivors. Figure 4-12 shows the mean 
changes in Full Scale Weighted Scores between tests 1 and 3 for the nonsur- 
vivors in the chronic disease category as well as those in the acute illness plus 
chronic disease category. Among the nonsurvivors, the combination of an 
acute illness and chronic disease was associated with about a 13-point loss 
which was significantly greater than that observed among those with a chronic 
disease alone who showed about a 5-point loss (t = 2.20, p < .05, df = 35). 
This finding appeared to be independent of cardiovascular disease. Thus, both 
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Figure 4-12. Changes in WAIS 
Full Scale Weighted Scores between 
tests 1 and 3 for the nonsurvivors 
who had either chronic diseases but 
no acute illnesses (C) or the com- 
bination of chronic diseases along 
with acute illnesses (C + A). 


Changes inscores: Tests | and 3 





groups had mean CVD ratings of about 2.3 (i.e., mild CVD). Further, 9 out 
of the 20 subjects (45 percent) in the chronic disease group had moderately 
severe CVD (i.e., ratings of 3 or 4) compared to 7 out of the 17 subjects (41 
percent) in the acute illness plus a chronic disease group. In regard to the 
other factors that were examined inthis report in relationship to intellectual 
changes before death, it should be noted that the presence or absence of an 
acute illness with a chronic disease was significantly related to distance from 
death among our nonsurvivors. It was unclear from our findings why the 
group that was within one year away from death at the final testing had rela- 
tively little intellectual change and did not differ from the survivors. We can 
only speculate that despite their poor health they may have adapted to the 
symptoms or the nature of the condition was such that there was less disability 
resulting in their being able to come into the medical center for two days of 
extensive testing even though they were at a mean age of 82 years and were 
near death. 


Comments 


These findings suggest that there may be a number of factors interacting in 
a complex manner to account for the intellectual changes observed among the 
aged. Initial level of performance, ongoing physical health and acute illness 
are factors that should be considered in examining terminal changes in intel- 
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lectual functioning. Particularly noteworthy was the finding that the nonsur- 
vivors who sustained both acute and chronic illnesses had a greater intellectual 
loss than their counterparts with chronic disease but no serious acute illnesses 
during the time frame of this study. As noted by Estes (1969) the majority of 
acute illnesses among the aged can be detected and respond well to treatment. 
However, many physicians are overly cautious in their approach to treatment 
of the elderly. In view of our findings, however, it would appear that the aged 
might experience less intellectual loss if their acute illnesses could be vigor- 
ously treated. 
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Neurophysiological Correlates of the Intellectual Function 
H. Shan Wang, Walter D. Obrist, and Ewald W. Busse 


The effect of age on intellectual function is well documented. Most of the 
measurable intellectual abilities seem to reach a peak in early adulthood and 
thenceforth decline progressively (Wechsler, 1958). As a rule, the decline in 
performance in nonverbal abilities is appreciably more rapid than that in ver- 
bal abilities (Botwinick, 1967). Consequently, there is a better correlation be- 
tween age and performance than between age and verbal abilities. 


Reprinted by permission from the American Journal of Psychiatry, 126:1205-1212, 
1970. Copyright 1970, the American Psychiatric Association. 
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These generalizations concerning intellectual changes in senescence are de- 
rived mainly from cross-sectional studies. Data from several longitudinal 
studies have just recently become available. In follow-up studies made one 
year after the initial tests, Jarvik and associates (Jarvik et al., 1962) could 
not demonstrate any significant decline of intellectual function; there was, in 
fact, some evidence of improved performance on the second series of tests, 
which Jarvik and her coworkers attributed to “test wiseness.” The minor 
changes observed by Eisdorfer (Eisdorfer, 1963) in two sets of studies done 
three years apart on a group of elderly subjects tended to regress toward the 
mean—a finding commonly associated with repeated measurements. 

In studies with longer follow-up periods (eight and five years respec- 
tively), Jarvik and associates (Jarvik et al., 1962) and Birren (Birren, 1968) 
found clear evidence of decline in intellectual function, although in Jarvik’s 
subjects this was noted only on a limited number of subtests. In the group of 
29 elderly subjects retested by Birren after an interval of five years, the mean 
Full Scale Score on the Wechsler Adult Intelligence Scale (WAIS) was 9.6 
points lower than the initial one; five out of these 29 subjects, however, 
showed a gain or no change at all on the second series of tests. 

The findings from these longitudinal studies clearly indicate that intellec- 
tual changes in a given age group are subject to considerable individual varia- 
tion. They also cast some doubt on the validity of many stereotyped views on 
intellectual function in senescence that have been derived mainly from cross- 
sectional studies. Eisdorfer (Eisdorfer, 1963) suggested that the normative 
data for intelligence, collected by cross-sectional sampling, may exaggerate 
the pattern of decline in old age, at least for a relatively short period. Birren 
(Birren, 1968) concluded from his observations that both stability of mental 
functioning and dramatic decline can be found in persons over the age of 70, 
and that mental decline in the later years does not occur in everyone to the 
same extent, but rather is irregularly distributed in the population. He sug- 
gested that expectations of mental performance must be based upon the eld- 
erly person’s characteristics rather than on his age. 

Many factors are known to be capable of affecting or modifying intellec- 
tual function and its assessment (Botwinick, 1967). Among sociocultural fac- 
tors, for example, the important ones are education, socioeconomic status, 
sex, and race; among psychological factors, motivation, anxiety, cooperation, 
personality, and psychosis are most important. Nonetheless, the principal de- 
terminant of intellectual function and its change, particularly in senescence, is 
the status of the brain. Mental abilities are the expression of brain activities, 
which will inevitably be altered sooner or later in old age. 

Much has been written about the relationship between these two parame- 
ters—the brain and intellectual function. A review of some of the pertinent 
literature (Wang, 1968) indicates that there is generally a good correlation 
between the degree of intellectual deterioration and the structural status of the 
brain, as indicated by histopathological findings or by radiological evidence of 
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cortical atrophy or ventricular dilatation. The information in this regard, how- 
ever, is limited to patients with obvious neuropsychiatric disorders or severe 
mental deterioration. All methods currently available for evaluating the struc- 
tural status of the brain in vivo involve so much risk and trauma that they 
have to be reserved for highly selected cases. 

Electroencephalography (EEG) and the measurement of cerebral oxygen 
consumption or cerebral blood flow are the methods most frequently em- 
ployed for evaluating the functional status of the brain. Because of its estab- 
lished reliability and sensitivity as an indicator of brain function and because 
it carries no trauma or risk, EEG study is probably the most practical method 
for routine evaluation of the brain. The EEG tends to show considerable 
changes during senescence; even among elderly subjects having excellent 
health, EEG abnormalities are quite common (Obrist, 1963; Wang et al.). 
The characteristic abnormalities in the EEGs of senescent subjects are slowing 
of the dominant frequency and the presence of focal disturbances, predomi- 
nantly over the left anterior temporal region. 

A relationship between EEG abnormalities and intellectual deterioration 
has been repeatedly observed in patients with various neuropsychiatric disor- 
ders (Bankier, 1967; Bauer et al., 1966; Hoagland, 1954; Ingram, 1966; 
Jenkins, 1962; Silverman et al., 1953) and in residents of homes for the aged 
(Ermentini, et al., 1960; Justiss, 1962; Obrist, et al., 1962). With one ex- 
ception (Thaler, 1956), a similar relationship could not be demonstrated 
among elderly community subjects (Birren et al., 1963; Busse et al., 1956; 
Obrist, et al., 1962). The lack of consistency or agreement in these studies 
may result in part from variations in sampling, techniques, or criteria em- 
ployed. For example, some studies considered focal disturbance and diffuse 
slowing separately; others considered them together. In very few studies was 
there any control of the health status, education, and socioeconomic status of 
the subjects; yet all these factors are known to be capable of affecting the in- 
tellectual function and its assessment. 

It is well known that insults to the brain from any cause usually result in a 
joss of neurons and a reduction in neuronal functioning, both of which lead to 
a reduction in metabolic activity of the brain. This activity can be represented 
by the rate at which the brain consumes oxygen or by the cerebral flow, which 
under normal conditions is regulated to some degree by the metabolic needs 
of the brain tissue. Both cerebral oxygen consumption and cerebral blood 
flow tend to decline in old age (Sokoloff, 1959), most likely as a result of 
pathological processes such as cerebral atherosclerosis or senile dementia. 

In neuropsychiatric patients, these declines correlate well with the clinical 
manifestation of brain syndromes or intellectual impairments (Hedlund et al., 
1964; Klee, 1964; Lassen et al., 1957). Very few data are available concern- 
ing the degree of correlation in community subjects. Dastur and his coworkers 
(Dastur et al., 1963) showed that the cerebral oxygen consumption and 
blood flow declined slightly, if at all, in elderly persons with optimal health. 
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In these subjects, neither of these measures correlated well with the results of 
psychological testing (Birren et al., 1963); in subjects with “senile qualities,” 
however, cerebral oxygen consumption was significantly lower than in those 
without such findings (Butler et al., 1965). 

The lack of data on the cerebral oxygen consumption and cerebral blood 
flow of healthy old persons in the community can be attributed to the fact that 
all quantitative measurements of these variables have required puncture of an 
artery or of the internal jugular vein. Recently, however, Obrist and his co- 
workers (Obrist et al., 1967) developed an inhalation method using 133- 
xenon, an inert gas, for the estimation of the grey-matter and white-matter 
blood flow cf a region of the brain. This method, which is completely free of 
risk and trauma, gives results quite comparable to those obtained by methods 
requiring carotid injection (Obrist et al., 1967). 

The present study was undertaken in an effort to determine the degree of 
correlation between tests of intellectual function and neurophysiological meas- 
ures of cerebral function (EEG findings and estimation of the cerebral blood 
flow by the xenon-inhalation method) in elderly community volunteers. 


Subjects 


Between 1955 and 1959, 260 community volunteers above the age of 60 
were recruited to participate in a longitudinal project at the Duke University 
Center for the Study of Aging and Human Development. Each subject who 
entered the study was initially given a thorough clinical and laboratory exami- 
nation by a multidisciplinary team; this study was then repeated at intervals of 
three or four years. Out of these subjects two samples were drawn. 

1. EEG sample. The 32 subjects in this group were selected because they 
were free from any clinical evidence of cardiopulmonary and neurological dis- 
ease on the first two examinations (study 1 and 2), which were made 3.5 
years apart. The mean age of these 32 subjects was 69.8 years (SD = 5.1); 
63 percent were male; and 88 percent were Caucasian. On the basis of occu- 
pation, income, etc., the socioeconomic status was classified as high for 81 
percent of the group (Wang et al.). All these subjects had had 12 or more 
years of schooling, the mean being 15.9 years (SD = 2.3). 

2. Cerebral blood flow (CBF) sample. The 24 subjects in this group 
were selected at random from those subjects returning for their fifth examina- 
tion, about 12 years after the initial one. The majority of these subjects were 
also included in the EEG sample, but during the interval many of them had 
begun to show evidence of cardiopulmonary or neurological disease. The 
mean age of subjects in the CBF sample was 79.4 years (SD = 4.2) and the 
mean educational level, 10.0 years (SD = 6.2). Men and women were equally 
represented in this sample; 79 percent of the subjects were Caucasian, and 
only 50 percent were classified as having a high socioeconomic status. 
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WAIS and EEG studies were made routinely as part of the initial and 
follow-up examinations. The methods used for these studies have already been 
described (Busse et al., 1965; Eisdorfer, 1963; Obrist et al., 1962; Wang et 
al.). For the present study, only the waking EEG was used. The mean fre- 
quency of the occipital dominant rhythm was measured manually. Focal dis- 
turbances, if present, were evaluated with respect to their prevalence and type, 
as well as the location and laterality of their maximum appearance. 

The cerebral blood flow was studied with the xenon-inhalation method 
described by Obrist and his coworkers (Obrist et al., 1967). In this method, 
the subject inhales for one minute a mixture of air and 133-xenon. Thereafter, 
the radioactivity of the left parietal region and that of expired air are moni- 
tored continuously by sodium iodide crystal scintillation detectors. The rate at 
which radioactivity disappears from the left parietal region is used to calculate 
the cortical blood flow in milliliters per 100 grams of brain tissue per minute. 
The expired air curve is used to correct the recirculation factor inherent in 
this inhalation method. 


Results 


I. EEG sample. At the time of the initial examination, the 32 subjects in 
the EEG sample obtained a mean Verbal Score of 74.2 (SD = 13.8) and a 
mean Performance Score of 39.4 (SD = 9.0) on the WAIS test. At the time 
of the second examination, 3.5 years later, the Verbal Score had declined by a 
mean of 0.9 (SD = 6.2); the Performance Score, by 1.7 (SD = 5.1). Neither 
of these changes is statistically significant. The changes were not related to the 
initial WAIS scores (r = —.16 for Verbal; —.07 for Performance), and they 
showed considerable individual variation (Figure 4-13). The verbal changes 
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Figure 4-13. Changes in WAIS 
Scores from study I to study 2. 
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scaled scores at | 
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Figure 4—14. Correlation between WAIS 
Verbal-Performance discrepancy and EEG 
dominant frequency. 


ranged from-an increase of ten to a decrease of 15 points; the performance 
changes from an increase of five to a decrease of 16 points. 

For the 27 subjects who had measurable occipital rhythms as well as 
WAIS data at both studies, the mean occipital frequency at study 1 was 9.5 
cycles per second (SD = 0.8). There was no relationship between occipital 
frequencies and initial Verbal or Performance Scores on the WAIS study 
(r = —0.35 and +0.12 respectively). There was, however, a significant asso- 
ciation between slow frequencies and verbal-performance discrepancy (Figure 
4—14). Slow frequencies at study 1 were also associated with a greater decline 
in both Performance and Verbal Scores at study 2 (Figures 4-15); for the Per- 
formance Scores, this association was significant (p < 0.05). Between study 
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Figure 4—15. Correlation between WAIS change 
and initial EEG dominant frequency. 
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1 and study 2, the mean occipital frequency declined by 0.2 cps. (SD = 
0.4); there was no relationship between the changes in frequency and the 
WAIS scores. 

The EEGs of 26 subjects were divided into two groups—those having 
focal abnormalities (foci) at both studies (ten subjects) and those having no 
foci or foci at only one study (16 subjects). The six subjects in whom the 
dominant background activity at study 1 was fast activity or very slow rhythm 
(less than 8.5 cps.) were excluded from the classification. The “foci” and 
“nonfoci” groups were quite similar in sex, race, socioeconomic status, age, 
education, occipital dominant frequency, and initial verbal performance 
WAIS scores (Table 4—2). The decline in both verbal and performance ability 


Table 4-2. Comparison of subjects with and without EEG focal 


abnormalities. 
Without With 
Number of subjects 16 10 
Male:female 9:7 5:5 
Caucasian:Negro 1S 8:2 
Socioeconomic status high:low 12:4 8:2 
Age at study 1 10:3 55:8 68.7+ 4.7 
Education (years) 15.8+ 2.4 16.14 2.5 
Mean occipital frequency at study 1 (cps.) 96+ 0.8 9.6+ 0.6 
Interval between study 1 and 2 (months) 448+ 8.6 40.2 + 11.0 
WAIS (scaled scores) 
At study 1: 
Verbal 72.6 + 15.3 72,5 + 12.8 
Performance 39.14 7.2 38.7 + 10.6 
Verbal—Performance discrepancy 33.4 + 10.4 33.84 7.4 
Changes from study 1 to 2: 
Verbal +1.3*4+ 5.9 —4.3*+ 5.6 
Performance —0.3+ 3.8 -—26+ 6.0 


*1=2.43. p< 0.025. 


between study 1| and study 2 was greater in the foci group than in the nonfoci 
group: the difference in Verbal Scores was significant at the 0.025 level. 

2. Cerebral blood flow sample. In the 24 subjects whose regional cerebral 
blood flow was studied with the xenon-inhalation method, the cortical (or 
grey-matter) blood flow of the left parietal region ranged from 33 to 72 
ml/100 gm/min, the mean being 52.4 ml (SD = 11.11). With 55 ml as the 
median, these subjects were divided into two groups of 12 each: those having 
high blood flow and those having low blood flow (table 4-3). These two 
groups were quite similar in sex, race, socioeconomic status, age, and educa- 
tion. 

The WAIS findings in these two groups are also shown in Table 4-3. At 
the time of the blood flow study, WAIS scores, both Verbal and Performance, 
were consistently lower in the low blood flow group than in the high blood 
flow group. The former also showed a greater decline in both scores during 
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Table 4-3. Comparison of subjects with high and low cortical flow 


(left parietal region; median 55 ml). 


High Low 

Number of subjects 12 12 
Male:female 6:6 6:6 
Caucasian:Negro 10:2 9:3 
Socioeconomic status, high:low S77) Tes 
Age at blood flow study 78.8 + 3.7 80.14 4.4 
Education (years) 10.5+ 5.2 97+ 6.8 
Cortical blood flow (ml./100 gm./min.) 

Range 55.1 — 72.0 32.5 — 54.5 

Mean 61.1+ 5.0 43.7+ 6.3 
WAIS (scaled scores) at blood flow study: 

Verbal 57.3 + 18.3 54.0 + 22.8 

Performance 28.3 +10.3. 22.2 + 13.4 

Verbal—Performance discrepancy 29.0 3 15.1 31.8 + 12.6 
Changes prior to blood flow study (12 years): 

Verbal —1l1+ 33 —5.8+ 14.4 

Performance —0.6+ 3.77 -66+ 9.4 


the 12 years prior to the blood flow study. Statistically, none of these differ- 
ences was significant beyond the 0.01 level by ¢ test. 

Figure 4-16 shows the relationship between blood flow and WAIS scores 
separately for ten subjects having a high socioeconomic status and more than 
11 years of schooling, and for ten subjects whose socioeconomic and educa- 
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Figure 4-16. Correlation between cerebral blood 
flow and WAIS scores (Verbal and Performance), 
with socioeconomic and educational factors con- 
trolled. 
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tional levels were both low. In both groups the correlation between blood flow 
and performance scores was greater than that between blood flow and verbal 
scores. In the group with low educational socioeconomic status, the relation- 
ship between blood flow and performance was highly significant. 

A correlation was also demonstrated between cortical blood flow and 
changes in the WAIS scores during the 12 years prior to the blood flow study 
(Figure 4-16). Low blood flow was associated with a greater decline in Per- 
formance Scores than in Verbal Scores. The only statistically significant cor- 
relation, however, was that between blood flow and performance change in 
the group with high educational and socioeconomic status. 


Discussion 


As a group, the 32 healthy elderly subjects in our EEG study showed no 
significant change on the WAIS in a study made 3.5 years after the initial ex- 
amination. The finding of considerable individual variation supports Birren’s 
view (1968) that mental stability is found in old age and that mental decline 
is irregularly distributed among the aging population. The stability of the 
WAIS scores, however, does not necessarily indicate a complete absence of 
intellectual changes. As Jarvik and her associates (1962) suggested, a slight 
decline in intellectual ability may be counterbalanced by “test wiseness” that 
develops with repeated measurements. 

The diffuse slowing of the dominant EEG frequency is very common 
among aged persons having various neuropsychiatric disorders or brain syn- 
dromes, as well as among those having good health (Busse et al., 1965; 
Obrist, et al., 1965). Such slowing is probably related to the depression of 
cerebral metabolism, a common feature of many brain disorders in old age. 
This theory is supported by the good correlation that usually exists between 
EEG frequency and cerebral oxygen consumption or cerebral blood flow 
(Ingvar et al., 1965; Obrist et al., 1963); both, under normal circumstances, 
are measures of cerebral metabolism. 

The significance of focal disturbances in senescent EEGs is still unclear. 
The foci may begin to appear in middle age, increasing in incidence with ad- 
vancing age (Busse et al., 1965). It has been speculated that these foci may 
originate either from a deep-lying lesion, possibly in the hippocampal region, 
or from remote areas outside the temporal lobe. Geschwind (Geschwind et 
al., 1968) has shown that marked anatomic asymmetries exist between the 
upper surfaces of the left and right temporal lobe in the human brain; the left 
temporal plane is usually larger and longer than the right one. There is also 
evidence to suggest that the temporal lobes, particularly the left one, are sus- 
ceptible to vascular insufficiency (Busse et al., 1965; Busse et al., 1965; 
Obrist et al., 1965). The EEG foci observed in our study involved predomi- 
nantly the left temporal region and were significantly associated with a decline 
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in verbal, but not in performance, ability. These findings suggest the presence 
of a disorder of the left temporal lobe, the integrity of which is known to be 
essential for verbal comprehension and retention (Milner, 1958). 

Although the mean cerebral blood flow in our elderly subjects (52 ml) 
was significantly lower than that obtained by the same method in healthy 
young adults (75 ml) (Obrist et al., 1967), there was considerable overlap- 
ping between these two groups. The range in blood flow was 33 to 73 ml for 
the elderly subjects and 57 to 92 ml for the young adults. The decline in cere- 
bral blood flow may result from a depression of cerebral metabolism second- 
ary to functional or structural impairment of the brain or from cerebrovascu- 
lar insufficiency. It is therefore not specific for any particular pathological 
process but only indicates the presence of brain impairment. 

If the alteration in the EEG and cerebral blood flow can be taken as in- 
dicative of cerebral changes, the findings from our study suggest that the in- 
tellectual changes in aged persons having relatively good health and living in 
the community do not necessarily follow a set pattern and that they depend, 
to a great extent, on the severity as well as the extent of the cerebral changes. 
Decline in performance abilities was associated chiefly with diffuse slowing in 
the occipital rhythm or with a reduction of blood flow in the left parietal 
cortex; decline in verbal abilities, with focal disturbances in the left anterior 
temporal EEG tracings. The neurophysiological variables in our study tended 
to correlate better with intellectual changes over time than with the absolute 
level of intellectual abilities—an observation that confirms the value of longi- 
tudinal studies and suggests that EEG studies and measurements of cerebral 
blood flow may be useful in predicting the intellectual changes that may 
occur in healthy persons during senescence. Factors that helped to demon- 
strate the relationship between neurophysiological and intellectual variables in 
our elderly community subjects included: (1) controlling the sociocultural 
background of the subjects; (2) assessing verbal and performance abilities 
separately; and (3) employing relatively specific methods to evaluate a par- 
ticular region of the brain. 


Summary 


From a panel of subjects who volunteered to participate in a longitudinal 
study on aging, two groups of elderly persons having relatively good health 
and leading active lives in the community were selected for EEG studies and 
measurements of cerebral blood flow by the xenon-inhalation method. The in- 
tellectual abilities of these subjects were measured by the WAIS test at inter- 
vals of approximately 3.5 years. Verbal and Performance Scores obtained at 
the time of the neurophysiological studies, as well as the changes observed be- 
tween periods of testing, were correlated with the EEG findings and measure- 
ments of cortical blood flow. The implications of our findings have been 
discussed. 
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The results of this study emphasize the value of longitudinal studies on 
senescent individuals and the importance of (1) controlling various factors 
that may affect the cognitive or neurophysiological variables and (2) employ- 
ing more specific methods for assessing these variables. 
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EEG of Healthy Old Persons H. Shan Wang and Ewald W. 
Busse 


Electroencephalography (EEG) has long been employed to evaluate the 
status of the senescent brain which is expected to undergo, sooner or later, 
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considerable changes with advancing age. Among the many EEG changes that 
have been observed from aged persons, the most common one is an alteration 
of the dominant background activity (Busse and Wang, 1965; Obrist and 
Busse, 1965). The alpha rhythm of aged persons, as a rule, has a mean fre- 
quency about | c/s slower than that of young adults. In some elderly persons, 
it also shows a reduction in amplitude or percent-time. Another characteristic 
of the EEG in senescence, observed in as many as 5O percent of elderly sub- 
jects, is the presence of fast (beta) activity. 

Whether these EEG changes are related primarily to chronological age or 
to pathological processes in the senile brain is still uncertain. Most studies in 
the past were performed on patients hospitalized with various psychiatric or 
neurological disorders. Among the few studies that have been done on aged 
persons in relatively good health and with little evidence of mental deteriora- 
tion (Table 1), variation in sampling has been considerable. Some studies re- 
cruited volunteers from a community or a social club; others obtained subjects 
from a home for the aged, a geriatric hospital, or the outpatient clinic of a 
general hospital. Not infrequently, the subjects in a single study were obtained 
from several different sources. Subjects coming from such diverse sources can 
be expected to vary considerably in health. Because many diseases that are 
common among old persons—disorders of the heart, lungs, and central nerv- 
ous system (CNS), for example—are known to affect the EEG (Busse and 
Wang, 1965), interpretation and comparison of these various studies is often 
difficult. In Table 1, several studies included subjects with diseases involving 
the CNS or the cardio-vascular system (Mengoli, 1952; Mundy-Castle, 1962; 
Obrist, 1954), or subjects with physical illnesses who showed no evidence of 
any mental or neurological disorder (Busse, Barnes, Friedman, and Kelty, 
1956; Mundy-Castle, 1951; Mundy-Castle, Hurst, Beerstecher, and Prinsloo, 
1954; Silverman, Busse, and Barnes, 1955). In other studies it was empha- 
sized that the subjects were active in community life or were independent of 
any sustained medical help (Andermann and Stoller, 1961; Maggs and Tur- 
ton, 1956); but in only a few investigations was the health status of the sub- 
jects clearly defined by thorough physical and laboratory examinations 
(Obrist, 1963; Otomo, 1966). 

Interpreting the results of these various studies is made more difficult by 
the fact that very few of them describe the demographic characteristic of their 
samples. It has been demonstrated that there is a higher alpha frequency and 
a greater incidence of fast (beta) activity in females than in males. This sex 
difference has been observed in young adults (Mundy-Castle, 1951) as well 
as in middle-aged and elderly subjects (Busse and Obrist, 1965; Mundy- 
Castle, 1962). It is possible that racial differences also affect the EEG. 
Mundy-Castle (1951) noted that the Europeans in his series had significantly 
more fast activity than the Africans, although this difference could not be 
demonstrated between American Caucasians and American Negroes (Obrist 
and Busse, 1965). Silverman et al. (1955) noted fewer EEG abnormalities 
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of all types among subjects whose socioeconomic level was high than among 
those from lower socioeconomic levels. This finding, however, could not be 
confirmed by Obrist and Busse (1965). 

The present report, based on the EEG findings in a group of healthy “sen- 
ior citizens” who are community residents, is concerned with the dominant 
background activity and occipital rhythms, their relationships to age, sex, race, 
and socioeconomic factors, and their change over time. Focal alterations in 
the EEG’s of these subjects will be the subject of another report. 


Materials and Methods 


Subjects 


Two hundred and sixty volunteers above the age of 59 were recruited 
from the nearby community to participate in a longitudinal project at the 
Duke University Center for the Study of Aging and Human Development. All 
subjects initially went through two full days of examination by a multidisci- 
plinary team (study 1). Among 182 subjects who subsequently returned and 
went through the same battery of examinations 3 to 4 years later (study 2), 
55 were selected for the present study on the basis of health. These 55 sub- 
jects were considered to be free from any clinical evidence of cardiac, pul- 
monary, or CNS disease on both examinations, according to the following 
criteria: 

1. No significant symptoms of heart disease such as chest pain, dyspnea, 
or fluid retention; no signs suggestive of heart disease on physical examination 
and chest X-ray; normal electrocardiogram. 

2. No significant symptoms of pulmonary disease and no signs of emphy- 
sema, chronic bronchitis, or asthma on physical examination and chest X-ray. 

3. No significant history of cerebrovascular insufficiency, stroke, or sei- 
zure; no signs of CNS disorder on neurological examination. 

These 55 subjects were predominantly Caucasian (80 percent), male (58 
percent), and had attended school for a mean of 12.3 years. Their ages ranged 
from 59 to 85 years; the mean was 69.7 (SD + 5.6). On the basis of occupa- 
tion, source of income, house type, dwelling area, and education the socioeco- 
nomic status of 29 subjects was classified following Warner’s “Index of Status 
Characteristics” (Warner, Meeker, and Eells, 1957) as above average or 
“high,” that of the remaining 26 as below average or “low.” The mean in- 
terval between study 1 and study 2 in these 55 subjects was 42.5 months. 
(SD) 229916); 


EEG Recording and Evaluation 


All EEG’s were recorded with an 8-channel Grass Electroencephalograph, 
using both monopolar and bipolar techniques, from placements that are com- 
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parable to the frontal, central, parietal, occipital, and posterior temporal leads 
of the 10—20 system. In addition, an anterior temporal electrode was em- 
ployed; it was more anterior than any lead used in the latter system, being 
placed one third of the distance from the auditory meatus to the external can- 
thus of the eye at the level of the superior orbital ridge (Busse and Obrist, 
1965; Obrist, Busse, Eisdorfer, and Kleemeier, 1962). 

All EEG records were rated with respect to dominant background activity 
and focal disturbances. Care was taken to select only waking sections of rec- 
ord for evaluation. The dominant activity was classified in one of the following 
categories: 


1. Alpha Activity (A): between 8.5 and 12.5 c/s, with an amplitude 
greater than 15yV. 

2. Low-voltage fast activity (LVF): observable activity predominantly 
fast and less than 15,V in amplitude, with little or no alpha activity. 

3. Diffuse fast activity (DF): between 13.0 and 30.0 c/s and greater than 
20 »V in amplitude. 

4. Diffuse slow activity (DS): 8.0 c/s or slower, with an amplitude 
greater than 20 pV. 


It has been suggested that, in senescence, waves slightly slower than 8.5 
c/s may be a slow variant of the alpha waves. To avoid confusion, the term 
occipital rhythm was used in the present study to include all rhythmic waves 
from the occipital tracing that were in a sequence of three or more and had a 
frequency between 7.0 and 12.5 c/s and an amplitude of 15 »V or greater. It 
thus included all waves within the alpha range and those slightly below it. 
From each record, samples of the occipital rhythm, totaling 20 sec. or more, 
were measured manually. The sum of waves in these samples divided by the 
sum of sampling time in seconds was the occipital frequency. 

The relative abundance of the occipital rhythm—that is, the percent-time 
of its appearance in the EEG record—was rated on a four-point scale: domi- 
nant (>75 percent), subdominant (50-75 percent), mixed (25-50 percent), 
and rare (<25 percent). There were three categories of amplitude: high, 
medium, and low. An amplitude between 25 and 49 »V was considered as 
medium; amplitudes above or below this range were classified, respectively, 
as high or low. 


Results 


Dominant Background Activity 


In study 1, the most common dominant background activity was A and 
the least common one was DS (I in Figure 4-17). These two were observed, 
respectively, in 61 percent and 7 percent of the EEGs; LVF and DF ac- 
counted almost equally for the remaining 31 percent. The various dominant 
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Figure 4-17. Correlation between cerebral blood 
flow and changes in WAIS scores (Verbal and 
Performance) over a 12-year period, with socio- 
economic and educational factors controlled. 


activities were associated with widely varying amounts of focal disturbances. 
Foci were present in 75 percent of the DS, 38 percent of the A, and 25 per- 
cent of the DF, but in none of the LVF (,° = 8.28, p < 0.05). 

The incidence of various dominant activities was almost identical in Cau- 
casians and Negroes and did not differ significantly in males and females, al- 
though in the low socioeconomic group females showed a tendency to have 
less alpha and more fast activity than males (Table 4-5). The only statisti- 
cally significant difference was associated with socioeconomic status (,° = 
10.87, p < 0.025). DF was completely absent in the high socioeconomic 
group, which had more A and DS than the low socioeconomic group. This 
discrepancy was not related to age, which was almost identical in these two 


Table 4-5. Incidence of dominant background activities in relation to sex and 
socioeconomic status in study 1. 


Dominant Activity 
(Relative incidence in %) 


Mean a a a 

N age A LVF DF DS 

Low socioeconomic status Female 15 68.2 40.0 20.0 33.3 6.7 
Male At 70.4 63.6 9.1 27.3 0.0 

Subtotal 26 69.2 50.0 15.4 30.8 3.8 

High socioeconomic status Female 8 68.9 87.5 ES 0.0 0.0 
Male 21 70.9 66.7 19.1 0.0 14.3 

Subtotal 29 70.3 72.4 17.2 0.0 10.3 


Total 55 69.7 61.8 16.4 14.5 des 
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groups; nor to sex, although the high socioeconomic group had significantly 
more males than the low one. 

Figure 4—18 shows the age distribution of these dominant activities. Sub- 
jects under the age of 70 accounted for 75 percent of the DF but were not 
represented in the DS group. The mean age of subjects in the former group 
was 66.7 years (SD + 3.5); in the latter, it was 77.7 years (SD + 5.3). Sub- 
jects with A and LVF were about equally divided between those over 70 and 
those under that age. The mean ages of the subjects in these two groups were 
69.7 (SD + 5.3) and 68.7 years (SD + 6.0), respectively. 

In study 2, 15 subjects (27.3 percent) showed a change in dominant ac- 
tivity of their EEGs. The incidence of changes observed in those originally 
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Figure 4-18. Relative incidence of 
various dominant background ac- 
tivities in studies I and 2. 


classified as LVF was 55.6 percent—greater than that in the other three 
groups which was only 21.7 percent. Although there was a slight increase in 
the number of subjects with predominantly DF and a slight decrease in those 
classified as A and LVF, the distribution of dominant activities in study 2 fol- 
lowed closely that noted in study 1 (Figure 1). During this interval, the in- 
cidence of foci increased from 38 percent to 63 percent in the A group and 
was almost unchanged in the other classifications. 


Occipital Rhythm 


In study 1, measurable amounts of occipital rhythm were present in 46 
EEGs: 34 with alpha waves as the dominant activity, 8 with alpha waves 
present but not dominant, and 4 with slower waves (7.0—8.0 c/s) as the 
dominant rhythm. 

The mean occipital frequency for these 46 EEGs was 9'50*c/s (SD= 
0.83). The mean frequency was related to sex and age but not to race, socio- 
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Table 4-6. Occipital frequency in relation to sex and age in study 1. 


<69 Years >70 Years Total 
Mean Mean Mean 
frequency frequency frequency 
N (c/s) N (c/s) N (c/s) 
Female 12 10.04 7 9.44 19 9.82 
Male 10 9.61 17 9.08 27 9.27 
Total 22 9.85 24 9.18 46 9.50 


Between sexes F = 5.78; p < 0.05. 
Between ages F = 8.72; p < 0.01. 


economic status, or focal disturbances. Females had a faster frequency than 
males, and this difference was not age-dependent (Table 4-6). Figure 4-19 
shows the inverse relationship between frequency and age (that is, as age ad- 
vanced, frequency declined). The product-moment correlation coefficient be- 
tween these two variables was —0.56 (p < 0.01) and was not significantly 
affected by sex, race, socioeconomic status, or focal disturbances. 

The occipital rhythm was rated as dominant in 41 percent of these 46 
EEGs, subdominant in 28 percent, mixed in 22 percent, and rare in 9 per- 
cent. The percent-time of occipital rhythm in the EEG record was independ- 
ent of the occipital frequency or the demographic characteristics of these 
subjects. 

Occipital frequencies of 9.4 c/s or slower tended to be associated with 
medium amplitude, while faster frequencies tended to have either high or low 
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amplitude (Table 4—7). Amplitude was also significantly related to sex (Table 
4-7), but not to race, socioeconomic status, or age. High amplitudes were 
more common in females; low amplitudes, in males. 

In study 2, no significant change was observed in the amplitude or the 
percent-time of occipital rhythm. Changes in occipital frequency, however— 
ranging from a decrease of 1.0 c/s to an increase of 0.9 c/s—were observed 
in 43 of the 46 subjects who originally had measurable occipital rhythms. The 
frequency became slower in 32, faster in 11. The mean frequency for this 
group in study 2 was 9.28 c/s—0.22 c/s (SD + 0.44) slower than that in 
Study I. Although this mean decline was small, the possibility of its occurring 
by chance was less than 0.005 (t = 3.34). In spite of these changes in fre- 
quency, there was a good correlation between the frequencies recorded at the 
two examinations (r = 0.86, p < 0.01). 

For these 46 subjects, the changes in frequency were not directly related 
to age or to the initial frequency in study 1, but they were significantly affected 
by the interaction of these two variables (Table 4-8). Among subjects in 
their sixties, those whose original frequency was 9.4 c/s or less showed a mean 
increase of 0.29 c/s; subjects in the same age range with a faster frequency at 
study 1 showed a mean decrease of 0.40 c/s—a difference which is significant 
at the 0.001 level (t = 3.92). However, the correlation coefficient between 
initial frequency and subsequent change in these younger subjects was only 
—() 36) (pr OBL): 


Table 4-7. Amplitude of occipital rhythm (%) in relation to 
occipital frequency and sex in study 1. 


N Low Medium High 


Occipital frequency 


<9.4 c/s 21 4.8 72.4 23.8 x? = 9.02 

>9.5 c/s 25 36.0 32.0 32.0 p<0.025 
Sex 

Female 19 5:3 52.5 42.3  x?= 6.16 

Male 27 S33 48.1 18.5 p<0.05 


Total 46 Ze 50.0 28.3 
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Table 4-8. Change of occipital frequency in relation to age and 
initial frequency in study 1. 


<9.4 c/s >9.5 c/s Total 

Mean change Mean change Mean change 
Age N (c/s) N (c/s) N (c/s) 
<69 7 +0.29 15 —0.40 22 —0.18 
=>70 14 — 0.28 10 —0.20 24 —0.25 


Total 21 Sao ZS cas 46 Ora 


Between ages = 0332275 
Between frequencies Re BestOORsS 
Interaction (age X frequency) F = 11.29, p < 0.01.’s 


The changes in frequency did not differ significantly between races. They 
were also not directly related to sex. A significant difference between socio- 
economic groups was present (Table 4-9), but the greatest effect on fre- 
quency change was produced by the interaction of sex and socioeconomic 
status. Females of low socioeconomic status showed the greatest decline in 
frequency, while females of high status showed an increase instead of a de- 
crease. 


Table 4-9. Change of occipital frequency in relation to sex and 
socioeconomic status. 


High Low Total 
Mean change Mean change Mean change 
N (c/s) N (c/s) N (c/s) 

Female 6 +0.27 13 —0.45 19 —0.22 
Male 17 —0.22 10 —0.20 227) —0.21 
Total 23 —0.09 23 —0.34 46 —0.22 

Between sexes i — OO le 

Between socioeconomic status if = CLS ja < OEE 


Interaction (Sex « Socioeconomic status) F = 8.91; p < 0.01. 


Discussion 


The subjects we studied had several characteristics in common. They all 
were volunteers and all remained active in the community. Although their 
health was by no means perfect (a few had relatively elevated blood pressures 
or minor illnesses such as arthritis or mild peripheral arteriosclerosis), careful 
screening by extensive clinical and laboratory examinations showed no evi- 
dence of cardiac, pulmonary, or CNS disease. No similar group can be found 
in the literature. The most comparable one is group 1 of the NIMH study re- 
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ported by Obrist (1963), which closely resembles our group in mean age, 
type of subject, and health status. The health of their subjects, in fact, met 
somewhat stricter standards than ours, but it was not evaluated longitudinally. 
Our subjects were healthy not only at the first examination but also at the 
second one, 3 to 4 years later. Their health can be considered better than 
that of most elderly people in the community. The results presented here may 
therefore be viewed as characteristic of sustained good health. 

Our findings generally agree with those of the NIMH study. The incidence 
of LVF was quite similar. Although the NIMH study did not include the DF 
classification, it did mention that 6 percent of their EEGs showed persistent 
fast activity of more than 20 »V—the same criterion applied to our DF. In a 
study on residents of a home for the aged reported by Obrist (1954), the in- 
cidences of LVF and DF in inmates between 65 and 79 years were 9 percent 
and 12 percent, respectively. These percentages are lower than ours. The in- 
cidence of DS in our group at both examinations was 7 percent—a figure 
identical to the incidence reported in the NIMH study. It should be noted, 
however, that the latter study employed 8.0 c/s, rather than 8.5 c/s, as the 
cutoff point of alpha frequency. The incidence of DS in our group is much 
lower than the incidence of 15 to 25 percent usually reported in the literature 
(Busse et al., 1956; Gibbs and Gibbs, 1950; Maggs and Turton, 1956; 
Mengoli, 1952; Mundy-Castle, 1951; Obrist, 1954; Silverman et al., 1955). 
Our findings thus support the belief that good health in senescence is asso- 
ciated with more fast activity and less slow activity. 

From study 1 to 2, the EEG classification of A, DF, DS appeared to be 
quite consistent, while that of LVF tended to change. Although the signifi- 
cance of these changes is still unclear, they do suggest that either LVF tracings 
are unstable or the reliability of their classification is questionable.In this con- 
nection, it should be noted that the overall ratings of dominant EEG activity 
are consistent among investigators, showing an inter-judge agreement of 88 
percent (Busse and Obrist, 1965). 

All EEG variables, except the percent-time of occipital rhythm, were re- 
lated either to age, sex, or socioeconomic factors (Table 4-10). The pre- 
viously reported tendency for occipital frequency to decline with advanced 
age (Mengoli, 1952; Mundy-Castle, 1962; Mundy-Castle et al., 1954; Obrist, 
1954; Obrist, 1963; Obrist and Busse, 1965; Obrist, Henry, and Justiss, 1966; 
Otomo, 1966) was confirmed in our longitudinal as well as our cross-sectional 
observations. In view of the fact that this relationship between occipital fre- 
quency and age was highly significant and was only slightly affected by con- 
current focal disturbances in the EEG or by any demographic characteristic of 
the subjects, it is hypothesized that the occipital frequency in healthy old peo- 
ple is closely related to “physiological aging,” and that the relationship be- 
tween these two variables may be altered by the presence of various patho- 
logical conditions affecting the central nervous system. 

Comparison of the males and females in our study showed that occipital 
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Table 4-10. Summary of the relation between EEG findings and other 
variables in healthy old people. 


Occipital rhythm 


Dominant Frequency 


back- change 
ground between 
Variables aetivity Frequency %-Time Amplitude land II 
Age te Staal = a = 
Sex - + = + _ 
Socioeconomic status ao — - _ + 
Race — Sal — — _ 
EEG foci + _ ~ — — 
Occipital frequency - =e — 
Interaction of occipital 
frequency and age ++ 
Interaction of socio- 
economic status and 
sex ae 


— No significant relationship 
+ Significant at 0.05 level 
+-+ Significant at 0.01 level 


rhythms had somewhat faster frequencies and higher amplitudes in the fe- 
males. Our study did not confirm the sex difference in beta activity previously 
reported (Busse and Obrist, 1965; Mundy-Castle, 1951; Mundy-Castle, 
1962), but showed instead a close association between fast activity and low 
socioeconomic status. Since the other two studies made no clear reference to 
the socioeconomic backgrounds of their subjects, it is possible that the sex 
difference they observed was in fact related to socioeconomic factors. Mundy- 
Castle (1951) noted that fast activity was more common in Europeans than 
in Africans and speculated that this discrepancy might be related to cultural 
factors, which apparently were quite different between the Africans and the 
Europeans. Our study failed to demonstrate that race had any significant effect 
on fast activity or on other EEG variables. This failure may be due in part to 
the fact that the Negroes in our study comprised only 20 percent of the sam- 
ple and closely resembled the Caucasians in socioeconomic background. The 
association of fast activity with low socioeconomic status in our study is clearly 
in contrast to Mundy-Castle’s observation. It should be noted that our study 
was concerned only with fast activity that was the dominant rhythm of the 
EEG record, while Mundy-Castle’s included all fast activity, whether domi- 
nant or not. 

Changes in occipital frequency, although independent of age, were related 
in a rather complex way to several other characteristics of the subjects. Fe- 
males of high socioeconomic status differed significantly from all other sub- 
jects in that their occipital frequency either increased or showed very little 
decline during the interval between examinations. Only in the younger sub- 
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jects (those in the seventh decade) did there appear to be an inverse relation- 
ship between initial frequency and subsequent change. 

From the statistical point of view, it is unlikely that the changes in fre- 
quency can be attributed to chance. A systematic error associated with re- 
peated measurements cannot be ruled out, since most changes were quite 
small (only a fraction of one cycle) and there seemed to be a tendency for 
them to regress toward the mean. On the other hand, measurement error alone 
can hardly explain why a significant difference was present between age or 
socioeconomic groups. Furthermore, the rate of decline observed in the longi- 
tudinal study (0.22 cycles in 3.5 years) compares well with the cross-sectional 
observation that the frequency decreased with advancing age at a rate of 0.08 
cycles per year. 

If these frequency changes are indeed not artifacts, our findings indicate 
that socioeconomic status has a greater effect on the EEGs of aged females 
than on those of aged males. They also suggest that these frequency changes 
—and possibly other EEG changes as well—are associated with two different 
aspects of the senile brain. Changes occurring in early senescence are more 
likely to be related to the functional or metabolic status of the brain; those in 
late senescence, to the structural status of the brain. The former condition 
would be expected to be more susceptible to many extraneous factors (envi- 
ronmental, psychological, physiological) and, therefore, to be more unstable 
or fluctuating than the latter. 

In conclusion, our study shows that, even in old people whose good health 
is maintained for several years, the EEG undergoes considerable change over 
a period of 3 to 4 years. The discrepancies between our observations and 
those of other investigators could result in part from differences in sampling, 
methodology, and criteria used. 

The relationship of these EEG changes to intellectual function and to 
other physiological variables such as blood pressure, serum cholesterol, and 
peripheral arteriosclerosis will be presented and discussed in a future report. 
Thus, the primary conclusion that can be drawn from the data so far reported 
is that the EEG changes in senescence are not simple monotonic ones. Some 
may be closely related to aging, while others are affected by many other demo- 
graphic factors as well—particularly the socioeconomic background and the 
sex of the subject. This report thus emphasizes the importance of controlling 
these demographic variables, as well as the age and health of the subjects, in 
any study of the senescent EEG and, probably, in any clinical study of the 
senile brain. 


Summary 


Separate EEG studies were made, at an interval of 3 to 4 years, in 55 
elderly volunteers who were leading an active life in the community and were 
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free from any clinical evidence of cardiac, pulmonary, or CNS disease during 
this time. The present report deals with the dominant background activity and 
occipital rhythm of these EEGs, particularly with regard to the changes ob- 
served over this period and their relationship to age, sex, race, and socioeco- 
nomic factors. 

Our observations that fast activity was more common in early than in late 
senescence and that there was a negative correlation between age and the fre- 
quency of occipital rhythm were consistent with previous reports. 

Several of the EEG variables were related to the demographic character- 
istics of the subjects. Occipital rhythm in females tended to have a faster fre- 
quency and a higher amplitude than that in males. Subjects of low socioeco- 
nomic status had much more beta activity than those of high status. 

In some instances, the interaction of two factors had a greater effect on the 
EEG variables than either factor alone. Females of low socioeconomic status 
showed a greater decline in occipital frequency during the interval between 
examinations than females of high status; a similar difference was not demon- 
strated in males. In the younger subjects (those in the seventh decade) a fast 
occipital rhythm had a greater tendency to decline than a slow one; this state- 
ment is not true of the older subjects. 

In the present study, no EEG variable was significantly related to race. 
The percent-time of occipital rhythm was independent of age, sex, race, or 
socioeconomic factors. 

Although the clinical implications of our findings are still unclear, our 
study emphasizes the need to control the demographic characteristics as well 
as the health status of the subjects in any investigation of the senescent EEG 
or the senile brain. 
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Effects of Age, Sex, and Time-on-watch on a Brief Continu- 
ous Performance Task Stephen W. Harkins, John B. 
Nowlin, Dietolf Ramm, and Stephen Schroeder 


Recent reviews of paced and unpaced inspection tasks and vigilance 
tasks (Mostofsky, 1970; Sanders, 1970; Mackworth, 1969 and 1970; Evans 
and Mulholland, 1969) show that little attention has been paid to the effect 
of age and sex upon performance in these tasks. The few studies concerned 
with age effects on vigilance performance and, to a lesser extent, paced and 
unpaced inspection tasks, have been summarized by Davies and Tune (1969), 
Davies and Griew (1965), and Davies (1968). The present study deals with 
an analysis of age and sex differences on a paced inspection task. 

Paced inspection tasks involve presentations of transient signals or stimulus 
events to subjects instructed to report the occurrence of such signal events. 
The signals presented are transient in the sense that they are presented to the 
subject for a discrete time interval. Unpaced tasks involve presentation of 
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signals which remain until the subject responds appropriately. These tasks, 
which may be as short as 5 minutes or as long as 45 minutes in length, in- 
volve the subject in a situation which demands the maintenance of an at- 
tentive state if he is to perform efficiently and accurately. In the unpaced task, 
performance is usually assessed in terms of response time or the interval be- 
tween the presentation of a signal event and the subject’s response to that 
event. Paced tasks, because of the transient nature of the signal event, allow 
assessment not only of response time but also frequency of correct detections. 
Further, if nonsignal events or background stimuli are presented, commission 
errors or false positive responses may also be assessed. 

Paced inspection tasks differ from vigilance tasks in the frequency of 
occurrence of the signal event. In vigilance tasks, where the dependent 
measure of performance is usually the number of correctly detected signal 
events, the stimuli are generally faint and infrequent. In paced inspection tasks 
the signal events are usually well above sensory threshold and occur more 
frequently than in vigilance tasks. Thus, vigilance tasks involve subjects in a 
situation which might be characterized as resulting in “underload,” requiring 
less than 1 response a minute, while paced inspection tasks involve con- 
tinuously changing signals requiring up to 12 responses or more per minute 
and thereby providing a potential “overload.” 

Using brief, paced inspection tasks with rapid stimulus presentation rates 
(1 per second), Thompson, Opton and Cohen (1963), Davies (1968), 
Talland (1966), and Canestrari (1961) found that detection performance of 
old men was poorer than that of young men. Similar results were reported by 
Davies and Griew (experiment 1, 1962), and Kirchner (1958) on longer 
paced inspection tasks. Generally, paced inspection tasks have failed to show 
age differences in performance as a function of time-on-watch. Surwillo and 
Quilter (1964), using a visual vigilance task, found that old subjects did tend 
to show a greater performance decrement as a function of time-on-watch than 
young subjects. This effect, however, was apparent only after 45 minutes of 
task performance. 

The question of frequency of occurrence of false positive responses is 
important in assessing the overall accuracy of performance. As Davies (1968) 
has pointed out, if only correct detections are taken into account, old subjects, 
who make fewer correct responses, may be considered to be disengaging from 
the situation. However, if old subjects have a significantly larger number of 
false positive responses than young subjects, then their lower correct response 
rates do not support a disengagement position. In fact, Tune (1966), who 
used a forced choice task, found that old subjects did make more false 
positive responses than younger subjects. Canestrari (1961), using a task in 
which responses could be withheld, reported that old men made more false 
positive responses than young men, but in a second study failed to reproduce 
this age difference. 

The present study was undertaken to characterize the performance of 
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young, middle-aged and elderly subjects on a brief paced inspection task 
evaluating not only correct detection performance, false positive responses 
and response times for correct detections, but also changes in these measures 
of performance as a function of time-on-watch. Since there is clear evidence 
that sensory and perceptual efficiency tend to decrease with age (Welford, 
1959), and performance differences become more evident at faster stimulus 
presentation rates (Thompson et al., 1963), a more “overloading” paced 
inspection task was chosen rather than a vigilance task or unpaced inspection 
task. Both men and women were used to allow evaluation of sex differences 
in the performance of a task demanding maintenance of an attentive state. 


Method 


Subjects 


The middle-aged and elderly individuals (165 men and 161 women; age 
range 46 to 72) who took part in the present study are involved in a longitu- 
dinal study of aging sponsored by the Duke Center for the Study of Aging and 
Human Development. A paid group of 18- to 25-year-old (21 men and 20 
women) university students provided the young group. All subjects were 
caucasian and in good health at the time of the study. The middle-aged and 
elderly subjects were divided into three groups on the basis of age. Table 
4—11 presents the age and sex breakdown for all subjects. 


Table 4-11. Number of subjects, age, and standard deviation of age for each age 
and sex group. 


Young Subjects Middle-Aged and Elderly Subjects 
Group 1 Group 2 Group 3 Group 4 
Women Men Women Men Women Men Women Men 
N 20 21 56 56 55 56 50 55 
Mean age 21.0 Dies) SES ile 59.4 59.4 67.5 67.8 


SD 2.2 1.9 Dell 3.0 2.0 2.0 2.6 a 


Materials 


The paced inspection task (or odd-even numbers task) consisted of 
presentation of single digit numbers (1-9) at a rate of one per second. 
Stimulus duration was 1 second. The numbers were presented in a pseudo- 
random order such that pairs of odd and even numbers occurred irregularly 
with a mean frequency of one per six numbers (SD = 1.99). Successive 
stimulus events (pairs of odd and even numbers) did not overlap. The task 
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lasted for ten minutes and twelve seconds. An Industrial Electronics En- 
gineers Inc. (IEE) rear-projected digital read-out was used to display the 
single digit numbers. Digits were approximately 7.3 by 3.2 cm. in size. The 
sequence of numbers was punched on paper-tape and controlled by a BRS 
tape reader system (BRS-3) and precision clock (MR-4). 

A Grass Model 7 polygraph was used to record the occurrence of odd 
and even number pairs, the response of the subject and physiological meas- 
ures. Subjects’ response consisted of a press of a key which closed a micro- 
switch, making an appropriate mark on the polygraph. All data were 
recorded on magnetic tape and reduced using a Redcor analog-to-digital con- 
verter interfaced with an IBM 1130 computer. Response times for each 
correct detection were accurate to within 2.5 msec. 


Procedure 


Subjects were seated in a comfortable chair, 3.5 feet in front of the IEE 
digital display. Electrodes were placed on the subject at this time in order 
to monitor the physiological variables. All sessions were conducted in a 
sound attenuated, electrically shielded chamber at the same time of day. 

Subjects were instructed to press the key with the index finger of their 
dominant hand as quickly as possible after they observed two consecutive 
odd or two consecutive even numbers. Subjects were told that speed and 
accuracy were important. Following instructions, the subjects were practiced 
to an asymptotic performance level. After practice trials, there was a five 
minute rest period during which baseline physiological measures were re- 
corded. Instructions were then reiterated and subjects exposed to the paced 
inspection task. 


Data reduction 


Correct detections (hits), false positive responses (commission errors), 
and response times for correct detections were computed for each subject for 
each third of the task and for the entire task. Percent correct detections was 
computed for each subject by dividing the number of stimulus events (odd or 
even number pairs) reported by the number of pairs presented. 


Results 


This preliminary report is concerned only with detection performance 
and response time during the continuous performance task. Multivariate and 
univariate analyses of variance were used to test the effects of age, sex, and 
their interactions on overall performance. Multivariate analysis of variance 
for repeated measures (Starmer and Grizzle, 1968; Jones, 1966) was used 
to assess time-on-watch changes in performance across thirds of the task. 
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Average performance for the total session. 


Age. When average percent correct detections, false positive responses, 
and response times for correct detections were considered simultaneously, 
the multivariate analysis of variance was significant for the effect of age 
(F = 9.54; df = 9, 871.4; p < .001) but not for the age by sex interaction 
(F = 1.45; df =9, 871.4; p> .1). Univariate analysis of variance was 
therefore performed to assess the contributions of each of the dependent 
measures to the significant multivariate statistic. Further, since little is known 
about false positive responses in paced inspection tasks, this measure was 
assessed for possible Age by Sex interactions using univariate analysis of 
variance. 

Inspection of the univariate analyses for the age effect showed that per- 
cent correct detections decreased significantly as a function of age (F = 21.00; 
df = 3, 360; p < .001), that false positive responses increased (F = 6.26; 
df = 3, 360; p < .001) and that response times increased across age groups 
(F = 4.30; df = 3, 360; p < .005). Figure 4-21 shows percent correct de- 
tections for each age and sex group and illustrates the fact that young sub- 
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Figure 4—21. Percent correct detections for each age and sex group for the 
entire task. 
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jects performed more efficiently than middle-aged or elderly subjects. This 
figure also suggests that although there was a large decrease in detection 
efficiency between the ages of 21 and 51, there was no apparent progressive 
deterioration in detection performance between 51 and 67 years of age. 

Figure 4—22 shows false positive responses for each age and sex group 
and illustrates the significant increase in false positive responses across the age 
groups. The univariate analysis of variance was significant for the test of the 
Age by Sex interaction for false positive responses (F = 3.58; df = 3, 360; 
p < .01); however, as Figure 4—22 illustrates, the younger subjects made 
markedly fewer false positive responses, irregardless of sex, while the oldest 
group of women made the largest number of false positive responses. In- 
spection of the variance within each age-sex group suggests that the large 
number of false positive responses made by the older women was not a 
function of a few older women in this group committing a very large number 
of such errors. 

With respect to response time, the significant age groups effect is il- 
lustrated in Figure 4—23. As this figure shows, there is a monotonic increase 
in response time across the four age groups. 
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Figure 4—22. False positive responses (commission errors) for each age and 
sex group for the entire task. 


4. Mental Aging 146 


° 
© 
° 






Oo 
@ 
oO 


o 
N 
oO 


0.70 


Response time (seconds) 
oO 
@ 
oO 


0.0 
Mean age 21°2~~ SI.6 "59:4 Gir, 

SD 2.03 285 2.01 264 
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group. 


Sex. When the three dependent measures of performance were considered 
simultaneously, the multivariate analysis of variance was significant for the 
effect of sex (F = 4.23; df= 5, 358; p < .005). Univariate analysis of 
variance was therefore performed to assess how each of the dependent 
measures contributed to the significant multivariate sex effect. Inspection of 
the univariate analyses for the sex effect showed that percent correct detec- 
tions did not differ as a function of sex (F = 0.17; df = 1, 360; p > .6). 
Figure 4—21 shows that across the various age groups there was no difference 
in percent correct detections for men and women. The univariate test of sex 
effect for false positive responses was also not significant (F = 2.80; df = 1, 
360; p > .09). This was true even though the older women made the largest 
number of false positive responses (see Figure 4-21). Men were significantly 
faster than women (F = 12.51; df = 1, 360; p < .001) in the detection of 
signal events (mean response times for men = 893 msec; mean response times 
for women = 941 msec). 


Performance change within the session 


Changes in performance as a function of time-on-watch were assessed 
using multivariate analysis of variance for repeated measures. The per- 
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Table 4-12. Percent correct detections (%CD), false positive 
responses (FP), and response latency (RL) in seconds across 
each time segment of the continuous performance task (all 


subjects pooled). 

%CD FP RL 
First time period 63.34 12.60 .883 
Second time period 58.87 7.93 .919 


Third time period 56.88 6.96 929 


. formance change with all subjects pooled was highly significant across seg- 
ments of the session. Percent correct detections and false positive responses 
both decreased as a function of time-on-watch (F = 31.73; df = 2, 358; 
p < .0001 and F = 12.05; df = 2, 358; p < .0001, respectively). Response 
latency increased significantly across time segments of the task (F = 13.29; 
df = 2, 358; p < .0001). Mean performance for each of the dependent 
measures of performance for the three time periods is given in Table 4—12. 
There was a significant interaction of age and time-on-watch for percent 
correct detections. As shown in Figure 4-24, the young group showed an 
initial high level of performance followed by a decrement of approximately 
seven percent correct detections. This was followed by a very slight increase 
in percent correct detections from the second to the third time periods of the 
task. The middle-aged and elderly subjects, besides having a lower initial 
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level of performance, showed a continual decline in percent correct detec- 
tions from the first through the third time periods of the continuous per- 
formance task. Thus, the younger subjects showed a performance plateau 
while the older subjects showed a monotonic decline. There was no significant 
interaction of age and time-on-watch for false positive responses or re- 
sponse latency. Neither the interaction of sex and time-on-watch, nor of age, 
sex, and time-on-watch was significant for any of the dependent measures. 


Discussion 


The most consistent age-related difference in paced inspection tasks has 
been that old subjects make more errors of omission (fewer correct de- 
tections) than younger subjects (Griew and Davies, experiment 1, 1962; 
Thompson et al., 1963; Davies, 1968; Talland, 1966). In unpaced tasks 
older subjects may be as accurate as young subjects but work at a slower 
rate (Botwinick and Shock, 1952). The age effect, in paced tasks, appears 
to be a rate limited phenomenon in that age differences appear only at rela- 
tively fast (1 per second) stimulus presentation rates. At slower rates, old 
and young subjects perform equally well with respect to omission errors 
(Thompson et al., 1963; Davies, 1968). The results of the present study 
show that young subjects perform more accurately and efficiently than middle- 
aged and elderly subjects. This was true not only for correct detections but 
also false positive responses and response times for correct detections. Further, 
the present study extends this general finding to include women. Middle-aged 
and elderly women performed much less accurately than young women. 
There was no significant sex difference in correct detections as Figure 4—21 
shows. 

The importance of assessing errors of commission or false positive re- 
sponses in performance on paced inspection tasks is evidenced in the fact that 
false positive responses increased across age groups even though correct de- 
tections decreased. This suggests that the middle-aged and elderly subjects 
are not withdrawing from the experimental situation. Rather, it would appear 
that the middle-aged and elderly subjects are less efficient in distinguishing the 
occurrence of signal events from background stimuli and have a less strict 
criterion for responding than the young subjects. 

The lack cf a significant age by sex multivariate statistic for the three 
dependent measures of performance taken simultaneously would normally 
preclude the univariate age by sex analysis of any one of these measures. 
However, since little is known about changes in false positive responses in 
paced inspection tasks in relation to age and sex, these response errors were 
analyzed separately in a univariate design. The significant univariate age by 
sex interaction for false positive responses illustrated in Figure 4—22 is ap- 
parently a function of the increase in these response errors on the part of the 
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oldest group of women. This group made a disproportionately large number 
of false positive responses when contrasted either with men of comparable 
age or with women 7 to 16 years younger. This suggests that, for paced in- 
spection tasks of the type used in this study, women in the older age range 
respond more to nonsignal stimuli and may be maintaining their overall 
detection performance by relaxing their criterion for responding. Further in- 
vestigation of this phenomenon is necessary to establish it as reliable. 

Detection performance clearly decreased as a function of time-on-watch. 
The decrease in correct detections and false positive responses with the con- 
comitant increase in response times for correct detections (Table 4-12) sug- 
gests that there is a decrease in ability to sustain directed attention to rapidly 
changing signal events. This decrease in efficiency parallels the well-docu- 
mented decrement in performance on longer vigilance tasks (Mackworth, 
1969 and 1970). It would appear that in the present task, changes in ability 
to sustain attention occur early-on. Table 4-12 shows that the performance 
decrement between the first and second time periods of the task is greater 
than between the second and third time periods. 

The significant age by time-on-watch interaction is a result of the fact 
that the young subjects are able to maintain detection efficiency between the 
second and third time periods while the middle-aged and elderly continue to 
evidence a decrement. Prolonging the duration of the paced inspection task 
would be of interest to find if the middle-aged and elderly subjects continue 
to show a monotonic decrease in efficiency or if their performance plateaus. 

In summary, the present study characterized the response patterns of 
young, middle-aged and elderly men and women on a brief, paced inspection 
task. Young subjects were found to make fewer errors of omission and com- 
mission than middle-aged and elderly subjects. A monotonic increase in 
response times for correctly detected signal events was observed across age 
groups. The results suggest that a major performance decrement may occur 
between the ages of 21 and 46 and stress the need for further investigation 
of the performance of individuals in this age range on paced inspection tasks. 
The interaction of age and sex for false positive responses is taken here as 
suggestive rather than conclusive. Parametric manipulation of task variables 
is necessary to clearly establish this preliminary finding before generaliza- 
tion may be made. 
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Chapter 5. Mental Illness 


Although most of the participants in our longitudinal studies were rela- 
tively healthy, both physically and mentally, there were enough subjects 
with various degrees of mental impairment to study what factors are as- 
sociated and which may explain mental illness among the relatively normal 
aged. The first report found that brain impairment was more common among 
those with decompensated heart disease, those with lower socioeconomic 
status, and those with fewer activities. It also suggests that a mild elevation of 
blood pressure may help to preserve the brain in some aged persons. The 
second report uses somewhat different methods of analysis, but comes to 
essentially the same conclusions. 

The report on depression and health found a prominent and persisting 
association between depression and subjective as well as objective measures of 
poor health. The report concludes that poor health may lead to depression or 
visa versa, but it appears probable that each tends to lead to the other. 


The Multiple Factors Contributing to Dementia in Old Age 
Ewald W. Busse and H. Shan Wang 


Although dementia in the elderly is a common clinical syndrome and has 
been the subject of numerous studies, we do not yet know why some elderly 
individuals are more demented than others. Since intellectual processes are 
dependent on brain activities, one would naturally expect impairment of brain 
tissue to be the most critical determinant of dementia. Such impairment may 
result both from degenerative changes involving the brain primarily and from 
physical illnesses which secondarily affect the aging brain. In many elderly 
persons, therefore, dementia can be at least partially attributed to their poor 
physical health. 

The relationship between dementia and brain impairment that can be 
measured by physical or physiological measures is by no means consistent 
(Wang, 1971). Although most studies have demonstrated more brain im- 
pairment in elderly individuals with dementia than in nondemented old peo- 
ple, the correlation between the severity of dementia and that of brain im- 
pairment has only been a gross one. Discrepancies between these variables 
were observed in more than a fourth of the cases (Corsellis, 1962; Obrist, 


Reprinted by permission from the Proceedings of the Fifth World Congress of Psychi- 
atry, Mexico City, Mexico, 1971. 
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Busse, Eisdorfer, and Kleemeier, 1962; Blessed, Tomlinson, and Roth, 1968; 
Wang, Obrist, and Busse, 1970). Some elderly persons with severe dementia 
had little brain impairment; others who had severe brain impairments showed 
only mild dementia. The poor correlation may be due in part to the method- 
ological difficulties encountered in the study of brain impairment and de- 
mentia. 

Data from the literature suggest that social and psychological factors may 
also play a role in the development or outcome of dementia. The factors that 
have been repeatedly mentioned are preexisting personality patterns, social 
isolation, environmental stress, and emotional disorders such as depression 
and anxiety. 

In the past, almost all extensive studies on dementia have been carried out 
in elderly patients living in neuropsychiatric institutions or nursing homes. 
Lesser degrees of dementia are also very common among aged persons who 
are maintaining an active life in the community. It was our belief that a care- 
ful study of these active old people might provide a better understanding of 
the role of various factors in the early development of dementia, and thus 
might lead eventually to more effective preventive or therapeutic measures. 
On the basis of this belief, we are reporting this review of some findings from ~ 
a longitudinal study made of such subjects at the Duke University Center for' 
the Study of Aging and Human Development. The subjects were 265 volun- 
teers, at least 60 years of age, who were recruited from the community in 
1956 to participate in a longitudinal study. 


Findings 


On the basis of the medical history and findings from physical and labora- 
tory examinations, the 265 subjects were divided into six groups according to 
their lung and heart conditions at study 1 (Table 5—1). About half the sub- 
jects showed no evidence of pulmonary or cardiac disease (group 1). The 
remaining subjects were divided almost equally among those having only 
compensated heart disease (group 2), those having only decompensated heart 
disease (group 3), and those having lung disease, with or without con- 
comitant heart disease (groups 4, 5 and 6). 

The prevalence of brain impairment and the level of intellectual func- 
tioning in these groups are also illustrated in Table 5—1. The three findings 
taken to indicate brain impairment were evidence of central nervous system 
disorder on the neurological examination and, in the EEG, the presence of 
excessive slow waves in background activity (“diffuse slow” in Gibbs’s classifi- 
cation), and the slowing of the occipital dominant frequency. Intellectual 
functioning was judged on the basis of the Verbal and Performance Scaled 
Scores and the deterioration quotient from the Wechsler Adult Intelligence 
Scale (WAITS). 
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Table 5—1 shows two interesting findings: (1) Brain impairments are 
clearly more common in subjects having decompensated heart disease (group 
3 and 6) and in those having only lung disease (group 4) than in healthy 
subjects (group 1) or in subjects having compensated heart disease (group 
2 and 5); (2) the level of intellectual functioning did not consistently parallel 
the indications of brain impairment. The intellectual functioning tended to 
be below the level expected on the basis of the brain condition. In groups 2 
and 5, Verbal and Performance Scores on the WAIS were lower than those 
of the healthy subjects, in spite of the absence of any significant difference in 
brain impairment. 


Table 5—1. Brain impairment and intellectual functioning in groups with and without 
heart and lung disease. 


Group 1 2 3 4 5 

Heart disease = ae eo a as 

Lung disease = = _ Be sic aie 
6 
2 


N 132 47 48 19 
% all subjects 49.8 Let 18.1 ed) 
EEG examination 

Percent classified as “‘diffuse slow” 


(Gibbs) 11.4 6.4 27.1 31.6 16.7 46.2 

Mean occipital dominant frequency 

(c/s) 9.40 9.69 9.17 9.12 9.58 8.85 
Neurological examination 

Percent with CNS disorder 9.1 2.6 Dial 21.1 0 53.8 
Psychometric evaluation (WAIS) 

Verbal Scaled Scores 59.8 Sie2 49.0 45.8 56.2 39.8 

Performance Scaled Scores 30.6 25ul 20.4 22.0 26.7 14.9 

Deterioration quotient .189 Ber .208 200 .199 .285 

— = absent 


+ = present (without decompensation, in the case of heart disease) 
+-++ = present with decompensation 


In searching for factors that might account for these two observations, we 
found that the subjects in groups 2—6 (those with heart and/or lung disease) 
were slightly older and less well educated than the healthy subjects. These 
groups also contained more blacks, more males, and more persons who had 
done manual labor. We found that these demographic and socioeconomic 
factors were responsible in part, but not entirely, for the intellectual dif- 
ferences. When race, age, and education were carefully matched, the in- 
tellectual differences between the healthy and the diseased groups were still 
present but became less apparent. 

No differences were found among the groups in regard to their contact 
with family, relatives or friends, their living arrangements, or their depressive 
symptoms. The two groups of subjects with decompensated heart disease, 
however, did contain more separated or widowed persons than the remaining 
four groups. 
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By far the most conspicuous differences among these six groups were 
related to blood pressure and daily activities. The mean arterial blood pressure 
(MABP), which is the sum of diastolic pressure and one-third of the pulse 
pressure, was clearly much higher in the four groups with heart disease than 
in the two without such disease. The group means for the former were all 
above 120 mm Hg; those for the latter were 102 and 104 mm Hg. 

Figure 5—1 illustrates the relationship between blood pressure and the 
EEG occipital dominant frequency. In the three groups that had no lung 


Without lung disease With lung disease 


EEG occipital dominant frequency 





90 110 130 150 90 110 130 150 
Mean arterial blood pressure (mm Hg) 


No heart disease —— , Compensated heart disease-—-, 
Decompensated heart disease: 


Figure 5-1. The relationship between EEG occipital dominant frequency 
(cycles per second) and the mean arterial pressure (mm Hg) in subjects 
with or without heart and lung disease at study 1. The number of subjects 
in each group is shown in parentheses next to the curve. 


disease, increases in MABP up to 120 mm Hg were associated with an in- 
crease of EEG frequency. As the blood pressure in these groups rose above 
120 mm Hg, EEG frequency decreased in the group having no heart disease 
and in the one having decompensated heart disease, but not in the group hav- 
ing compensated heart disease. A similar finding was not apparent in the 
three groups that had lung disease. 

The other conspicuous difference observed was in the amount of daily 
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activities engaged in by these subjects (Figure 5—2). In the healthy group, 
61 percent had seven to nine and 33 percent had four to six locomotor ac- 
tivities. In the same group, 17 percent had seven to nine and 58 percent had 
four to six sedentary activities. The subjects in all five diseased groups clearly 
had fewer locomotor or sedentary activities than those in the healthy group. 

On the basis of these observations, we formed two hypotheses: (1) The 
elevation of blood pressure may help to maintain cerebral functioning in 
some elderly subjects; (2) inactivity, which in many cases is due to physical 
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Figure 5—2. Locomotor and sedentary activities in subjects with or without 


heart and lung disease at study 1, expressed in percentage of subjects having 
I—3, 4-6, and 7-9 activities. 


illness, may play an important role in the intellectual deterioration of some 
elderly persons and may account to some degree for the discrepancies ob- 
served between brain impairment and dementia. 

In an effort to test these hypotheses, we have analyzed the data from the 
first three studies of the subjects in the healthy group. Figure 5—3 shows the 
relationship between the average MABP and the average EEG occipital 
dominant frequency found on these three examinations, which covered a span 
of about seven years. Blood pressures below 95 or above 115 mm Hg were 
associated with slower average EEG frequencies than blood pressures be- 
tween these two limits. High blood pressure was associated with an increased 
incidence of heart disease. During this seven-year interval, definite evidence of 
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Figure 5-3. The relationship be- 
tween the average EEG occipital 
dominant frequency (cycles per 
second) and average mean ar- 
terial blood pressure (mm Hg) 
in the first three examinations 
(studies 1, 2, and 3), which 
spanned a period of about seven 
years. The statistical probabili- 
ties indicate the significance of 
the difference between groupings. 


heart disease developed in only 6 percent of subjects with blood pressures 
below 95 mm Hg. For subjects with an average MABP between 95 and 104, 
the corresponding figure was 14 percent; with pressures between 105 and 
114, 36 percent and with pressure over 114, 44 percent. 

The originally healthy subjects can be divided into three groups according 
to the activities they reported at the time of the first study: 

Group A (28 subjects): Those with many activities, both locomotor and 
sedentary. 

Group B (29 subjects): Those reporting many locomotor but few seden- 
tary activities. 

Group C (25 subjects): Those with few activities of either type. One 
subject who had many sedentary but few locomotor activities was excluded. 

Figure 5—4 shows the changes of the intellectual indicators in these 
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Figure 5—4. The changes between 
study I and study 3 in Verbal and 
Performance Scaled Scores and in 
the deterioration quotient on the 
Wechsler Adult Intelligence Scale. 
At study I, the subjects in group A 
had many locomotor and sedentary 
activities; those in group B engaged 
in only locomotor activities, and 
those in group C were inactive. The 
statistical probabilities indicate the 
significance of the changes. 


three groups between study 1 and study 3. The WAIS Verbal Scores in- 
creased in Group A but decreased in groups B and C. The Performance 
Scores decreased in all three groups. The deterioration quotient, on the other 
hand, decreased in group A but increased in groups B and C. 

Some of the differences found among these three groups were statistically 
significant (Table 5—2). The lack of sedentary activities—that is, the dif- 
ference between groups A and B—was associated with significantly different 
changes between studies 1 and 3 in Verbal Scores and in deterioration 
quotients but not in the Performance Scores. The changes occurring in group 
B (high in locomotor activity) did not differ significantly from those in the 
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Table 5-2. Statistical significance of WAIS differences between 


groups. 
A vs. B B vs. C A vs. C 
Verbal Scaled Scores 
Study 1 NS NS NS 
Study 3 NS NS p < .05 
Changes (3-1) p02 NS p < .005 
Performance Scaled Scores 
Study 1 NS NS NS 
Study 3 NS p <.05 p < .02 
Changes (3-1) NS NS NS 
Deterioration quotient 
Study 1 NS NS NS 
Study 3 p < 102 NS p < .005 


Changes (3-1) p < .0l NS p < .005 
NS = not significant 


inactive subjects (group C). The greatest differences were found between 
groups A and C—the most active and the most inactive groups. 


Comment 


Our study on a group of elderly community volunteers indicates that many 
factors are related to dementia in old age, although the interpretation of some 
of our findings doubtless needs to be cautious. Our study, like all similar 
studies, was limited by methodological difficulties, foremost of which is 
probably the reliability and validity of measures for brain impairment and in- 
tellectual functioning. In general, the three brain variables employed in our 
study agree better than the three intellectual indicators, which are more 
dependent on the demographic and socioeconomic characteristics of the sub- 
jects. 

Our findings are not unexpected. The association between illness and 
socioeconomic status and that between brain impairment and cardiopulmonary 
disease, as well as the discrepancy between brain impairment and dementia, 
are well known. Of greatest interest, especially from the clinical point of view, 
are probably the findings of a relationship between blood pressure and brain 
impairment and between activities (primarily sedentary activities) and intel- 
lectual functioning. 

While our study confirms the well-established observation of an associa- 
tion between severe hypertension and cerebral complications, it also indi- 
cates that a mild elevation of blood pressure, instead of being detrimental to 
the brain, may help to preserve the brain in some aged persons. We hypothe- 
size that these elderly probably have significant cerebral atherosclerosis and 
require a relatively high blood pressure to maintain a sufficient blood supply 
to the brain and hence the cerebral functioning. This hypothesis is consistent 
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with Hedlund’s finding (1964) that cerebral blood flow in atherosclerotic 
patients tends to increase in proportion to the systolic blood pressure. 

Our findings are not reported with the idea of suggesting that high blood 
pressure is good for elderly persons, because we also found that high blood 
pressure tends to result in heart disease. It is not clear why, in some indi- 
viduals, the brain is protected at the expense of the heart, and in other in- 
dividuals the heart is protected at the expense of the brain. Nevertheless, our 
findings do raise the question as to the effect on the aging brain of many 
widely used drugs, such as tranquilizers and antidepressants, that tend to 
lower the blood pressure. 

Although there is generally believed to be a close relationship between 
mental illness in general and social variables such as isolation, data regarding 
the role played by these social variables in the dementia of old age are rather 
sparse. While Kay and his coworkers (1964) reported that poverty and isola- 
tion played a contributory role in mental deterioration, this finding was not 
confirmed by the San Francisco project. On the basis of the latter study, 
Lowenthal (1965) concluded that isolation may well be a consequence 
rather than a cause of many psychogenic and most organic mental illnesses 
that develop in old age. 

Our study suggests that dementia in the elderly is related to the type and 
amount of activities rather than to social contacts. Inactivity is one common 
characteristic of old age. It may be dependent on the preexisting personality 
or on the socioeconomic or educational background of the individual, or it 
may be secondary to physical illness, emotional disorder, or institutionaliza- 
tion. The last two factors—emotional disorders and institutionalization—are 
probably of the greatest clinical significance, since they are often amenable to 
treatment or prevention. 


Conclusion 


Among the many factors that contribute to dementia, some affect the 
brain directly, while others affect mainly the intellectual functioning or the 
behavior. Although the dementia of old age is primarily the result of brain 
impairment, its severity is frequently determined by the interaction of many 
physical, social and psychological factors. It should therefore be viewed as a 
sociopsychosomatic disorder which warrants more aggressive preventive and 
therapeutic measures. 
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Heart Disease and Brain Impairment Among Aged Persons 
H. Shan Wang and Ewald W. Busse 


Heart disease is one of the most common causes of death in old age. Ac- 
cording to the vital statistics published by the U.S. Public Health Service 
(1969), the mortality rate from heart disease in the age group from 65 to 
74 is about 1,700 per 100,000. For the age group 75 to 84, this rate is more 
than doubled; and among persons aged 85 and above, it is almost six times 
this high. Almost all of these deaths (about 90 percent) were attributed to 
either arteriosclerotic or hypertensive heart disease. 

Heart disease is also one of the most prevalent clinical problems in old 
age. Of the elderly subjects studied in Evans County, Georgia (McDonough, 
Hames, Stulb, and Garrison, 1965), 5.5 percent had coronary heart disease. 
Using somewhat broader criteria, the Tecumseh study (Epstein, Ostrander, 
Johnson, Payne, Hayner, Keller and Francis, 1965) disclosed a much greater 
prevalence of heart disease among its elderly subjects: about 17 percent had 
coronary heart disease; 7 percent hypertensive heart disease; and 8 percent, 
either rheumatic heart disease or congestive heart failure. 

It is a common belief that brain impairment or intellectual deterioration 
in many elderly persons is closely related to heart disease. This belief is 
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based to a great extent on the many studies carried out on patients with con- 
genital and rheumatic heart disease, and on patients undergoing cardiac 
surgery—all of these conditions being consistently associated with high in- 
cidence of cognitive impairment and of neuropsychiatric or electroencephalo- 
graphic abnormalities (Eisdorfer, 1967; Ewalt and Ruskin, 1944). Very few 
studies, however, have been concerned specifically with arteriosclerotic and 
hypertensive heart disease in old age. A postmortem study by Vost and his 
group (Vost, Wolochow, and Howell, 1964) showed histopathological evi- 
dence of cerebral infarction in more than half the patients with old myo- 
cardial infarction or pure hypertensive heart disease, but in only 12 percent 
of those with normal hearts. An association between arteriosclerotic heart 
disease and cerebral dysfunctioning is also indicated by the finding that 
patients with such heart disease had an abnormally low flicker-fusion fre- 
quency (Enzer, Simonson, and Blakstein, 1942) and were slow and poor on 
a number of psychological tests (Spieth, 1964). In an EEG study of elderly 
patients with heart disease (predominantly arteriosclerotic), Obrist and Bissell 
(1955) observed that occipital alpha frequency was significantly slower and 
the incidence of delta waves greater in such patients than in healthy subjects. 
They also found an inverse relationship between heart size and mean alpha 
frequency. 


Findings in 227 Elderly Volunteers 


A group of elderly citizens living in the community have volunteered to 
participate in a longitudinal study being conducted at the Duke University 
Center for the Study of Aging and Human Development. At intervals of 
three to four years, each of these subjects is given physical, neurological, and 
psychiatric examinations, together with many) laboratory and psychological 
tests. Some of the data bearing on the relationship between cognitive func- 
tioning and cardiovascular disease have previously been reported (Thompson, 
Eisdorfer, and Estes, 1966). The present report is a further evaluation of the 
relationship between brain impairment and varying degrees of heart disease 
in 227 subjects—all those included in the longitudinal project except patients 
with apparent pulmonary disease. 

The brain status was evaluated on the basis of the neurological and EEG 
examinations and the Verbal and Performance Scaled Scores of Wechsler 
Adult Intelligence Scale (WAIS). The medical history, physical examination, 
electrocardiogram, and chest X-ray were used as criteria for dividing the sub- 
jects into four groups, as follows: 

Group 0: no heart disease (105 subjects ). 

Group 1: questionable heart disease (27 subjects). 

Group 2: definite and compensated heart disease (47 subjects). 

Group 3: definite and decompensated heart disease (48 subjects). 
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Table 5—3. Characteristics of groups with varying degrees of heart disease. 


Group 0 Group 1 Group 2 Group 3 





No heart Questionable Compensated Decompensated 
disease heart disease heart disease heart disease 

Number of subjects 105 27 47 48 
Mean age (years) 69.5 72.2 70.2 73.6¢ 
% white 72.4 ila 53.2 52.0» 
% male 46.7 48.1 36.2 41.7 
% with nonmanual 

occupation 50.5 59.3 40.4 29.2 
Mean education (years) SS 10.6 9.38 9.2> 


Significance of differences as compared with group 0:*p < 0.10;»p < 0.05;°p < 0.01. 
* Tn all the tables and figures, the symbols a, b, and c are used to indicate findings differing 
from group 0: a means that p < 0.10; b, that p < 0.05; c, that p < 0.01. 


The characteristics of these four groups at the time of the initial examina- 
tion are summarized in Table 5—3.* Except for being slightly older, the sub- 
jects in group | were almost identical to those in group 0. Group 2 contained 
significantly fewer white subjects and had a slightly lower level of education; 
in group 3 there were significant differences in age, race, occupation, and 
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Figure 5—5. EEG dominant background activities. 
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Figure 5—6. Mean alpha frequency from occipital tracings. 


education. The subjects in this group were on the average four years older 
and had two years less education than those in group 0, and the group con- 
tained more nonwhite subjects and more manual laborers. 

The neurological examination disclosed evidence of brain disorder in 27 
percent of the subjects in group 3 and only 9.5 percent in those in group 0; 
this difference is significant at the .05 level. The incidence of brain disorder 
was only 7.4 percent in group | and 2.1 percent in group 2. 

EEG background dominant activities in each group were classified as 
predominately alpha, beta, or theta (Figure 5-5). The significant difference 
found was between group 0 and group 3: theta waves were dominant in 27 
percent of the subjects in group 3 and in only 10 percent of those in group 0. 

Figure 5—6 shows the mean alpha frequency from occipital tracings. 
Subjects in group 3 under 70 years of age had a slightly slower mean fre- 
quency and sujects in group 2 above 69 years had a slightly faster mean 
frequency than those of comparable ages in group 0. 

The mean WAIS Verbal and Performance Scaled Scores are shown in 
Figure 5—7. Verbal and Performance Scores were significantly higher in group 
0 than in group 2 and 3. This difference was due in part to the demographic 
differences among these groups. As reported above, groups 2 and 3 were older 
and had a relatively large number of subjects who were nonwhite and had 
manual occupations and little education. When the subjects were matched by 
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Figure 5-7. Mean WAIS Verbal and Performance Scaled Scores. 


age, race, and education, however, the WAIS scores, particularly on per- 
formance tests, were still slightly lower in groups 2 and 3 than in group 0. 

Figure 5—8 shows the mean systolic and diastolic blood pressure (supine) 
in these four groups. Both means were significantly higher in groups 2 and 3 
than in group 0. 

Figure 5—9 shows the number of activities engaged in by the subjects in 
each group. Those in group 2 had significantly fewer sedentary activities (such 
as writing letters, reading, playing cards) than those in group 0, but about 
the same number of locomotor activities (working in the garden, fishing, etc.) ; 
the subjects in group 3 were significantly less active in both categories. 

The amount of social contact in these four groups is summarized in Table 
5—4. There were significantly more widowed individuals in group 3 than in 
group O, and subjects in the former group reported less contact with friends 
and young persons than those in the latter. The subjects in group 2, though 
having the same amount of contact with family, relatives, and friends, ap- 
peared to have somewhat less contact with young persons than those in group 
0. 
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Figure 5-9. Number of activities engaged in by subjects in each group. 
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Table 5—4. Social contacts of groups with varying degrees of heart disease. 





Group 0 Group 1 Group 2 Group 3 
No heart Questionable Compensated Decompensated 
disease heart disease _ heart disease heart disease 
Percent of subjects (N = 105) W227) (N = 47) (N = 48) 
Widowed 22.9 33.3 29.8 45.9¢ 
Not living with spouse 
and/or children 24.8 26.0 23.4 33.4 
Having little contact with 
family or close relatives 6.7 7.4 10.6 8.3 
Having little contact with 
distant relatives 41.9 37.0 40.4 50.0 
Having little contact with 
friends 46.7 48.2 44.7 68.8» 
Having little contact with 
family, friends, close and 
distant relatives 4.8 7.4 10.6 10.4 
Having little contact with 
children and young friends 19.0 29.6 34.08 35238 


Significance of differences as compared with group 0:*p < 0.10;»p < 0.05;°p < 0.01. 


Mild to moderate depression was evident in 29 percent of the subjects in 
group 3 and 21 percent of those in group 0, but this difference is not sta- 
tistically significant. 


Discussion 


From the standpoint of the electroencephalographic and neurological find- 
ings, the evidence of CNS disorder was significantly greater in subjects with 
decompensated heart disease but slightly less in those with compensated heart 
disease than in those without heart disease. This finding suggested that brain 
impairment in old age is related to heart failure but not to heart disease 
per se. The brain impairment seen in patients with heart failure is probably 
due to a profound reduction of cerebral blood flow, which has been shown to 
be proportional to the reduction in cardiac output (Scheinberg, 1950; Novack, 
1953; Eisenberg, Madison, and Sensebach, 1960; Porje, 1967). 

The lack of brain impairment in subjects with compensated heart disease 
is probably attributable to the relatively high blood pressure in this group. 
It is well known that severe hypertension is associated with a high incidence of 
cerebral complications. Our findings, however, suggest that mild hypertension 
in some elderly patients may help to maintain the blood flow to the brain and 
hence to preserve the status of the brain, but at the expense of the heart. 
Thus the possibility is raised that the elevation of blood pressure in some 
elderly patients is a compensatory response to cerebral ischemia secondary to 
cerebral arteriosclerosis. This view is consistent with Dickinson’s theory of 
neurogenic hypertension (Dickinson, 1965). 
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The WAIS scores in patients with either compensated or decompensated 
heart disease were lower than one would expect on the basis of the EEG and 
neurological findings. It is postulated that the poor performance on psy- 
chological testing in these cardiac subjects may be related in part to brain 
impairment and in part to decreased use of the remaining intellectual faculties. 
The latter part of this hypothesis is supported by the reported lack of seden- 
tary activities such as reading and playing bridge, and by the lack of contact 
with young people. 
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Depression and Health John B. Nowlin 


Among all age groups, symptoms of depression have long been linked with 
poor health. Moreover, the feeling-state of depression is often said to be 
accompanied by the tendency for an individual to view his own health less 
positively. For the older person, the relationship between depression and 
decrement in the sense of physical well-being would seem particularly poign- 
ant. The older years are often a life epoch characterized by social and 
psychologic readjustment as well as being a time of increasing loss of physical 
vigor. A further important issue is the extent to which the association between 
depression and health is altered by the passage of time. If the feeling-state of 
depression appears to have strong association with health outlook and ob- 
jective health status during short time spans, its effect over longer periods of 
time is less clear. 

To examine these potential relationships, an older population carefully 
followed over the 1960-1970 decade served as a data source. These ambula- 
tory community volunteers in Durham, N.C. numbered 157 in 1960 with an 
average age of 72.3 years; all were participants in a longitudinal study of 
aging conducted by the Duke Center for the Study of Aging and Human 
Development. In the initial selection of this volunteer population, care was 
taken to insure that the make-up of the study group approximated that of the 
local community in terms of racial composition and socioeconomic status. 
During the course of the subsequent decade, this study group was seen on 
four occasions. The interval between each visit was approximately two years; 
as the decade progressed, visits were scheduled less further apart because of 
an increasing attrition rate within the study group. At each two-day visit to 
the Aging Center, study participants received a thorough medical examination, 
blood testing, appraisal of current level of social activity, and standardized _ 
assessments of psychologic state. 

As part of the two-day evaluation procedure, each study participant spent 
45 minutes to an hour involved in a psychiatric interview. On the basis of this 
interview, each person was rated for severity of depressive symptoms on a 
O through 5 graduated scale. From the 1960 ratings of depression, two sub- 
ject groups were defined: first, a “depression group” comprised of individuals 
found to exhibit depressive symptoms. This group numbered 52 individuals. 
Study volunteers, free of depressive symptomatology in 1960, formed the 
“no depression group” and numbered 105 persons. Comparison of these 
groups, in terms of 1960 data, revealed no difference in age, socioeconomic 
status, or in sex or racial composition. Health attitudes and objective health 
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status among these two longitudinal population subgroups were then con- 
trasted for the 1960 study and over the following ten years. 

Table 5—S contrasts selected health characteristics of the two groups 
from 1960 to 1970. Beneath the approximate revisit dates of this population 
to the Aging Center, the total number of individuals at each revisit is listed 
in parentheses. Moreover, the number of individuals in the “depression” and 
“no depression” groups are provided for each visit across the decade. As is 
evident, there is a moderate fall-off in group size, either from death or physical 
infirmity. Each individual variable reported in the table was tested for sta- 
tistical significance in a two-factor analysis of variance format. One factor, of 
course, was the subject grouping on the basis of the presence or absence of 
depression in 1960. The alternate factor was a division of this volunteer elderly 
population based upon sex of the study participant. 

The first variable is that of average depression score during the five visits 
of the decade. As mentioned earlier, the range of this scale was from 0 to 5. 
Zero indicated no evidence of depression while 5 implied severe depression. 
A significant difference exists at each testing period, with the group originally 
depressed in 1960 maintaining its higher “depression score” throughout the 
decade. This finding suggests that depression among an older population is 
not easily dissipated. The next variable is average subject age at each longi- 
tudinal visit. As is evident, the age differences of the returning subjects over 
the decade did not differ when depression and no depression groups are com- 
pared. This could be interpreted to indicate that presence or absence of de- 
pression is not a strictly age-related phenomenon. However, depression scores 
did tend to increase over the decade, especially for those starting out with 
no depression in 1960. 

The next three variables in the table are those reflecting subject definition 
of and attitudes about health. At each visit, the study population members 
were requested to rate their own health on a O through 5 scale, with 5 indicat- 
ing excellent health and 0 implying very poor health. The depression group 
consistently rated itself to be in less robust health than did the no depression 

group. A somewhat related issue is this population’s concern about their 
health. Again, a 0 through 5 continuum scale was employed for the rating of 
health concern. In this instance, 0 connoted no concern, while a value of 5 
reflected a high degree of concern. At each visit, the depression group in- 
dicated higher level of concern about their health than did the no depression 
group. Finally, this study population was asked to indicate the extent to which 
they perceived their health as interfering in their daily activities. Use was 
made again of a O through 5 scale with the zero value reflecting no health 
compromise of daily activity, and 5, reflecting a large extent of activity com- 
promise. As shown in the table, the depression group perceived more com- 
promise of activity than did the no depression group. 

Next, more objective measures of health status were examined. These data 
are based upon a physician’s findings during the medical examination provided 
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at each visit. First, cuff readings of recumbent systolic pressure attained sta- 
tistical significance at the 1960 and 1963 visits. Also, diastolic pressure was 
consistently slightly more elevated among the depression group. 

Prevalence of electrocardiographic abnormality was next examined. For 
analysis purposes, cardiographic presentation of left ventricular hypertrophy, 
bundle branch block, or evidence of coronary artery disease were considered 
“abnormal.” A higher percentage of cardiographic abnormality was con- 
sistently seen among the depression group. 

Physician ratings of cardiovascular disease were also compared between 
the two study groups. A 0 through 8 graduated scale was employed. In the 
formulation of this score, consideration was given to the subject’s history, his 
physical findings, and his electrocardiogram. A value of 0 described the sub- 
ject without any evidence of cardiovascular disease; 8 reflected severe cardio- 
vascular disease. Throughout the decade, degree of cardiovascular was more 
pronounced within the depression group. During the first two visits of the 
decade, these between-group differences proved to be statistically significant. 

Finally, at the conclusion of his interaction with the longitudinal volun- 
teer, the examining physician rated each subject in terms of overall health. 
The physician assigned values on a 0 through 5 scale, with lower scores de- 
noting better health. This overall health rating score has proven to be rela- 
tively independent of the more specific cardiovascular rating just described. 
The physician’s health rating averaged “higher,” that is, poorer, among the 
depression group of subjects. On two revisits during the decade, these dif- 
ferences were statistically significant. Although serum cholesterol also proved 
to average higher among the depression group, between-group differences in 
this parameter were not statistically significant. 

An even more precise health end-point to gauge is that of death. Among 
the depression group as constituted in 1960, 33 percent subsequently died 
over the course of the decade, compared to 34 percent of the no depression 
group. This difference is obviously not significant, but if the nonsurvivor 
groups are examined separately, a rather prominent between-group distinction 
is evident. Those in depression group, as defined in 1960, who subsequently 
died during the decade, lived an average of 43.4 months beyond their 1960 
visit. In comparison, their no depression counterparts survived 72.5 months. 
Thus, the no depression members who died, did survive much longer than 
their depression counterparts. 

As mentioned earlier, sex of the study participant was employed as the 
alternate factor in the analysis of variance. With one exception, sex of the 
individual did not significantly influence the relationships just described. 
However, women on the average were rated as more depressed throughout the 
decade than were men. 

To summarize: The findings of this study indicate a prominent associa- 
tion between depressive feeling-states and the older individual’s subjective and 
objective health status. Equally important, this relationship does not appear 
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transient in nature; in this population, the association persists over the course 
of a decade. Admittedly, some qualification is necessary before broadly gen- 
eralizing from the findings offered by this study. It should be emphasized that 
the study population under consideration was a volunteer rather than a 
randomly selected group of individuals. A population composed exclusively 
of volunteers may be biased in terms of the information which it provides. 
Moreover, the data collected from this population do not clarify, in any way, 
the issue of “cause and effect.” Although a relationship exists between de- 
pression and health in this population, the nature and direction of the re- 
lationship can only be described as unclear. Two obvious interpretations 
present themselves. First, depression could be viewed as providing, in itself, a 
substrate for physiologic derangement leading to ill health. Conversely, it 
might well be that poor health, with its attendant discomfort and limitations, 
evokes the feeling-state of depression. Formidable logic could be brought to 
bear in support of either contention. 


Chapter 6. Social Roles and Self-Concepts 


This chapter turns to the more social-psychological aspects of aging and 
analyzes relationship between social roles, self-concepts and life satisfaction. 
The first report finds that older persons who are able to continue driving cars 
are in relatively good physical condition, have a realistic appreciation of their 
limitations, restrict their driving accordingly, and are able to maintain more 
activities and life satisfaction. It was found in the second study that widow- 
hood produced surprisingly little change in activities, attitudes, adjustment, 
and health. The authors conclude that most normal aged utilize supportive 
social structures, reduced pressures, and psychological preparation to reduce 
the strains of bereavement. 

Moving to the Adaptation Study, the third report finds that self-rated 
health is the predominant variable associated with life satisfaction in middle 
age, but organizational activity, internal control, performance status, and pro- 
ductivity all make additional contributions to satisfactions in middle age. 

The fact that attitudes toward time and death varied by sex and age is 
discussed in the next study. Those over 55 see time as speeding faster than 
those under 55. Men see death more as an opponent while women are more 
accepting of it, more realistic, and more accepting of the passage of time. 

Discrepancies in the self-image, as the next report shows, tend to increase 
with age, and separation from children affects women more than men; retire- 
ment or nonworking affects both sexes, but men have a greater problem with 
this discrepancy than women. Another analysis of self-image finds that change 
in job status is more important than change in relationship to one’s children. 
Males seem to be more disturbed by changes associated with aging than 
women. 

Self-concepts, the last report finds, can largely be accounted for by differ- 
ences in aspirations and in the amount of resources to fulfill these aspirations. 
These factors may explain many of the inconsistencies found when activity or 
disengagement theories of aging are applied to actual persons. 


The Elderly Driver and Ex-driver Daniel T. Gianturco, 
Dietolf Ramm, and C. William Erwin 


Since over 12 percent of the drivers on the road are over age 60, the topic 
of the elderly driver is a relevant one. In addition, the movement to the sub- 
urbs of friends, goods, and services usually makes transportation essential to 
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a good life. The elderly and infirm who cannot drive have great transportation 
problems. In our society there is a definite lack of transit systems that are 
accessible, safe, and inexpensive for the elderly person. The mobility, status, 
and independence which results from driving makes our senior citizens very 
reluctant to give up their driving privileges. 

Our current generation of elderly really grew to adulthood before cars be- 
came readily available. Yet a great proportion learned to drive and to value it. 
It seemed desirable therefore to study the driving habits of these elderly citi- 
zens. What is their physical condition? Do they, in fact, stop driving when 
physical infirmities make it hazardous? If they continue to drive do they have 
a realistic appreciation of their limitations? What effect, if any, has giving up 
driving had on their leisure, and social life? 


Methodology 


This report is based on data obtained from a panel of elderly participants 
in the Duke Longitudinal Study of Aging. Mortality and attrition reduced the 
panel to approximately one hundred survivors by 1970. 

During the sixth series of observations each panelist, as part of the social 
worker’s interview, was asked (1) whether he ever learned to drive; (2) 
whether he was continuing to drive; (3) what limitations or restrictions were 
placed on his driving, voluntary and otherwise; and (4) if he had stopped 
driving, why? 

Data about activities and attitudes were obtained by the social worker 
during the social history interview with the older subjects using the Having- 
hurst scale (1953). The activity inventory consists of twenty questions dealing 
with five areas of activities; (1) health, (2) leisure, (3) security, (4) family 
and friends, and (5) religious activity. A total activity score is obtained by 
adding the scores in these five categories. Each subscore could range from 0 
to 10. Life satisfaction was measured by 56 agree-disagree items about the 
subject’s satisfaction with eight areas of his life, including friends, family, 
work, religion, health, economic status, general state of happiness, and feeling 
of usefulness. 

The Physical Function Rating (PFR) is based on the extensive medical 
examination given each subject by the examining physician, including medical 
history, physical and visual testing, audiology examinations, and laboratory 
studies. The subjects were rated by him on a scale from 0 to 5 on the presence 
of disease and degree of function limitation. One hundred elderly subjects, 
ages 75 to 99, 62 women and 38 men, were evaluated; the average age of the 
subjects was 81. 
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Results 


Prevalence and Characteristics 


A quarter of the subjects never drive (more of the women than men), 
almost half have stopped driving, but almost one-third continue to drive 
(Table 6-1). The largest percentage of drivers were from the white collar 


Table 6-1. Prevalence of drivers by sex (percent). 


Men Women Total 
Subjects (N = 38) (N = 62) (N = 100) 
Nondrivers 8 37 26 
Ex-drivers 53 39 44 
Current drivers 39 24 30 
Total 100 100 100 


occupations. Their driving average age was 78 years and their average physi- 
cal function rating was 1.2. This indicated that despite their advanced age, 
there was little limitation of function. 


Perception 


Fourteen of our 30 drivers had “glasses” restriction. Their corrected visual 
acuity was generally good. None was worse than 20/50 in either eye. Average 
corrected acuity was 20/30 to 20/40. Twelve drivers still had no cortical len- 
ticular opacities; eleven had incipient cataracts characterized by lameliar sepa- 
rations and vacuoles; two had cuneiform peripheral opacities, and two had 
already had cataract surgery. (Corrected vision in each of these was good: 
20/20 and 20/40). All these elderly people showed mild to moderate nuclear 
lenticular changes. 


Hearing 


Hearing level was determined by auditory thresholds to pure tones (ASA 
standard). A pure tone estimated hearing level for speech was obtained by 
averaging thresholds at 500, 1000, and 2000 cps. A formula which gives 
greater weight to the better ear is then computed to give an estimated hearing 
level for speech to both ears. The AMA standard classification was used: 
“Normal” hearing (i.e., thresholds less than 15 db), “slight impairment” (i.e., 
thresholds between 15-35 db), and “severe hearing impairment” (i.e., thresh- 
olds greater than 35 db). Twelve drivers had normal hearing; 12 had slight 
impairment, and only 4 had severe impairment. 
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Reaction Time 


Reaction time data for our group of elderly drivers were compared with 
younger people as well as with other study subjects of comparable age. The 
subject responds to a signal light stimulus by first lifting his finger off a start 
key, then quickly pressing the response key (Wilkie, 1972). Only the total 
reaction times will be discussed. 

The first part of the experiment utilizes first the preferred hand, for 10 
trials and then the other hand for 10 trials. The mean time in mscs. and 
standard deviation for each group of subjects are presented in Table 6—2. The 
next experiment consisted of a mixed trial and the subject was required to 
make a differential response with either the right or left hand depending on 
the stimulus (Table 6—3). This slowed all the subject groups slightly, but it 
added roughly the same number of msc. to each group. 


Table 6—2. Reaction time hand predesignated (20 


trials). 
Mean Standard 
(msec.) deviation 
Young subjects 443 97 
Elderly drivers 739 155 
Elderly nondrivers 879 313 


Table 6-3. Reaction time, mixed (20 trials). 


Mean Standard 

(msec.) deviation 
Young subjects 502 99 
Elderly drivers 805 155 
Elderly nondrivers 957 289 


While the mean reaction time for the elderly drivers was substantially 
longer than for young subjects, many of the elderly drivers still had reaction 
times comparable to young subjects. Also the slower reactions of the elderly 
drivers did not result in a higher rate of vehicular accidents. Our elderly 
drivers’ reactions, though slower than the young, are fast enough for ordinary 
driving. 


Attitudes toward Driving 


Virtually all the elderly drivers preferred to continue driving as long as 
possible. Most had already restricted their driving to “necessary trips” in the 
neighborhood and city. Many deliberately chose circuitous routes to avoid 
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highways. Night driving was avoided whenever possible for two major reasons. 
Early cataracts, which many of the elderly already had, caused excessive glare 
problems from oncoming headlights. Cataracts are opacities in the lens of the 
eye which scatter incoming light in much the same way as a dirty windshield 
produces glare (Anderson, 1971). In addition, many of the elderly fear re- 
turning to an empty house at night. Most of the elderly described their driving 
as cautious. 


The Ex-Drivers 


Forty-four subjects had already stopped driving. Their average age was 80 
years (roughly two years older than drivers). Their average physical function 
rating was 2.1 which indicates a twenty percent loss of function. 

Table 6—4 categorizes the reasons the elderly persons gave for stopping 


Table 6—4. Reasons for stopping driving. 


Men Women Total 
Physical infirmities 11 8 19 
Psychological 5 8 
Economic 4 4 
Other 2 2 4 
None given a =) = 
Total 20 4 44 


driving. Vision problems were by far the most common physical infirmity 
listed (twelve persons); four more considered themselves no longer physically 
able to drive after they had been involved in minor accidents. Only two 
stopped on the advice of doctors, and one stopped because the licensing bu- 
reau refused to renew his license at age 85. The psychological reasons were 
mostly intense fears of accidents on their part or on their families’ part. In 
addition, four of the five women in this category pointed out that they had 
never driven very much at any time in their lives. The expense of maintaining 
an automobile, including insurance, repairs, and gas and oil costs were cited 
by only four of the elderly persons. The “other reasons” were mostly situations 
in which the elderly person felt that it was inconvenient or not necessary to 
maintain a car. 


Activities and Life Satisfaction 


Total activities and life satisfaction were markedly higher in the drivers as 
compared to the ex-drivers (Table 6-5). When men and women were ana- 
lyzed separately, the male drivers compared to ex-drivers had greater differ- 
ences in activities (29.3 versus 21.6, p < .001) than did the women. The dif- 
ferences in satisfaction were similar for men and women. 
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Table 6-5. Health, activities, and life satis- 
faction in drivers and ex-drivers. 


Drivers Ex-drivers 
Physical function ee Za 
Activities 29.9 24.2 p < .001 
Life satisfaction 36.5 31.9 p < .001 


Since age, PFR difference, and sex could account for some of these 
observed differences in activities and life satisfaction, drivers and ex-drivers 
were matched for PFR, age and sex, and then activities and life satisfaction 
scores were compared. Thirteen pairs were matched (Table 6—6). The drivers 
still had higher activity and life satisfaction scores, although the difference in 
activity scores became statistically not significant. 


Table 6-6. Activities and life satisfaction in 
subjects matched for age, sex, and PFR. 


Drivers Ex-drivers 
(13) (13) 
Activities 29.0 DeSales: 


Life satisfaction 37.4 34.3 p < .03 


Discussion 


Many states now require senior citizens to have examinations upon reach- 
ing a certain age in order to renew their operator’s license. Senior drivers do 
have special traffic problems. However, a decision on whether a person should 
be allowed to drive a car should not be based on age alone. Physical and men- 
tal condition, knowledge of laws, actual driving techniques, and the individu- 
al’s previous driving record should be taken into consideration (Traffic Digest, 
1965): 

Older drivers do have accidents at a higher rate than younger adults. Their 
accident frequency experience (per miles driven) resembles that of adolescent 
drivers. However, because of their cautiousness and self-imposed driving re- 
strictions, their actual liability (that is, their percentage of all accidents as 
compared to the percentage of drivers in their age group) is relatively low 
(Planck, 1972). This is accounted for by their avoidance of high-risk driving 
situations and the usually fewer miles driven per year. Usually their driving 
accidents are caused by errors of omission rather than commission, e.g., in- 
correct turning or failing to keep a proper lookout, rather than speeding or 
tailgating. A high percentage of their accidents occur at relatively low speeds 
(Planck, 1972). There are some data to indicate that very few of the elderly 
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drink while driving (Baker et al., 1970). Also most elderly drivers are sur- 
vivors of forty or more years of driving. Perhaps only cautious drivers survive 
and continue to drive in old age. 

Our drivers were definitely happier and more satisfied than ex-drivers. 
Their physical condition was good. Age had thus far been kind to them. Yet 
many of them probably would not continue to drive if easy and accessible 
transportation were available to them. However, these drivers live in an area 
in which the style of living is shaped largely by the motor vehicle. Shopping 
facilities, friends and doctors are usually beyond walking distance, making 
transportation essential to obtain the goods and services conducive to a happy 
life. We need to improve bus services, particularly in the inner cities, and we 
need to develop cars that are easy and safe for old people to drive (Gianturco, 
1971"): 

The loss of mobility, status, and increased dependence on others makes it 
particularly difficult for elderly males to give up driving or even their cars. For 
example, “A 74 year old man had several minor accidents. He was no longer 
a safe driver. He reluctantly agreed to stop road driving but absolutely refused 
to sell his car. For the next several years until his death he kept it in his 
garage. Every Saturday he would pull it out, run the engine for a while and 
then give the car a thorough cleaning inside and out.” In this example the 
symbolic equation of car and manhood was not hard to find. 


Summary 


Old drivers in this study are in good physical condition. They do have a 
realistic appreciation of their limitations and restrict their driving accordingly. 
They do, in fact, give up driving when their condition warrants it. However, 
becoming an ex-driver is associated with lower activities and life satisfaction. 
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Long-Term Adaptation by the Elderly to Bereavement 
Dorothy K. Heyman and Daniel T. Gianturco 


While widowhood is an inevitable event in the life of most adults, little 
research interest has been focused on the effects of this occurrence on the lives 
of elderly persons. The plight of younger women trying to cope with widow- 
hood has been reported by Parkes (1964) and Maddison and Viola (1968) 
who describe the difficulties which arise from sudden loss of income, and the 
continuing demands to educate and care for young children in the face of seri- 
ous personal and social problems. Many of these problems are identical for 
young widowers. In contrast, the elderly person who loses a spouse usually 
enters widowhood with grown independent children, often has relative finan- 
cial stability and undoubtedly has had opportunities for rehearsal of the wid- 
owed role. 

The period of widowhood is often a lengthy one with women more apt to 
face an even longer period of widowhood than men, as life expectancy for 
women at age 65 is 16.3 years while life expectancy of men at age 65 is only 
12.8 years (Statistical Bulletin, Metropolitan Life Insurance Company, 1971). 

Observations by the authors of elderly persons over a period of years dur- 
ing the course of the longitudinal study at the Duke University Center for the 
Study of Aging and Human Development have suggested that the elderly adapt 
to the death of the spouse in a fashion which is characterized by (1) emo- 
tional stability supported by deep religious faith, (2) a stable social network 
of family and friends, and (3) relatively few life changes made following the 
death of the spouse. This report describes the pilot study which tested the 
validity of these impressions. Specifically, this research examined the activities, 
attitudes, psychiatric and physical health of a group of older people before and 
after bereavement. 


Method 


A panel of 256 elderly volunteers (60—94 years of age, median age 72) 
has been followed at two year intervals at the Duke University Center for the 
Study of Aging and Human Development since 1955. . . . The criteria for 
inclusion in the present study are: (a) the subjects be married at the time of 
the initial study (1955) and living with spouse until widowhood and (b) com- 
parable data be collected before and after the death of the spouse. Data are 
available on a rather small number of only fourteen males and twenty-seven 


Reprinted by permission from the Journal of Gerontology, 28:3:359-362, 1973. 
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females, of whom 9 were black and 32 were white. Eighteen women and 7 
men were classified as nonmanual in occupational status; and 9 women and 7 
men, in manual occupational status. The mean for education was 9.8 years 
for women and 9.7 years for men. Home ownership was high, with 21 women 
and 11 men in this category. 

The time interval between bereavement and interview varied, with a mean 
lapse of 21 months. No subject was interviewed less than 3 months following 
bereavement. Seven persons were seen within 3 to 9 months; 9 within 9 to 18 
months; 14 within 18 to 27 months; 6 within 27 to 36 months; and 5, 36 
months or later. The mean lapse of time between the “before” and “after’’ 
examinations was 36 months. The mean age of widowhood was 74.8 years for 
the men and 73.1 years for the women. The student’s ¢ was used to test the 
significance of differences between status before and after bereavement. 

This paper reports on the results obtained using four measurements: 

1. Activities and Attitudes. Data about activities and attitudes were ob- 
tained by the social worker during hour long social history interviews with 
the older subjects, using the Havighurst (1953) scale. The activity inventory 
consists of 20 questions dealing with five areas of activities: (a) health; (b) 
leisure; (c) security; (d) family and friends and (e) religious activity. A total 
activity score is obtained by totaling the scores in these five categories. Each 
subscore could range from 0 to 10. 

The attitude inventory consists of 56 agree-disagree items about the sub- 
ject’s satisfaction with eight areas of his life, including friends, family, work, 
religion, health, economic status, general state of happiness and feeling of use- 
fulness. The score in each area could range from 0 to 6. The total attitude 
score is the sum of the scores in these eight areas. 

2. The Cavan Adjustment Rating Scale (Havighurst and Albrecht, 1953) 
was used by the social workers to independently evaluate the subjects on their 
activities and attitudes. 

3. Psychiatric evaluations were made by psychiatrists and consisted of 
checklist ratings of neurotic signs, including affect, anxiety and hypochon- 
driasis. (For a more thorough discussion of the psychiatric evaluation see 
Busse, Dovenmuehle, and Brown, 1960.) 

4. The Physical Function Rating (PFR) is based on the extensive medical 
examination given each subject by the examining physician including medical 
history, physical and neurologic examinations and laboratory studies. The sub- 
jects were rated by him on a scale from 0 (no pathology or limitation) to 5 
(limitation over 80 percent). 


Results 


Table 6—7 compares the PFR of all widowed subjects “before” and “after” 
widowhood. 
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Table 6-7. Mean physical function 
ratings before and after widowhood. 


Before After 
Male 1.4 17 
Female 2.0 DD 


Using a multivariate analysis of variance, the results were: (1) there were no 
significant differences in the overall health level when men and women were 
compared to each other, and (2) there was no significant difference in health 
status before and after widowhood for the entire group. 


Table 6-8. Mean activity scores before and 
after widowhood. 


N = 41 Before After 
Health 2.8 3.0 
Family and friends 5.4 5.1 
Leisure 555 4.8 
Economic 6.6 ips 
Religious 6.4 6.3 
Total 26.5 26.5 


Table 6-8 shows no significant changes in activities. Despite widowhood 
these subjects continue to have relatively high activity levels. These scores re- 
flect the fact that our subjects remain considerably involved with their friends, 
family, neighbors, and church. Although the differential levels of activity 
among the areas were not evaluated, it is of interest to note that religious ac- 
tivity was one of those remaining highest after bereavement, thus reinforcing 
our impression that traditional religious beliefs and church related activities 
are central to the lives of many (Jeffers et al., 1961). 


Table 6-9. Mean attitude scores before and after 


widowhood. 
N = 41 Before After 

Health 3.9 Bui) 

Family and friends 4.7 4.4 

Work 3.8 32a p< Ol 
Economic security 3.8 4.0 
Religion 5:5) 5.6 
Usefulness 4.7 4.1 p < .01 
Family 5.0 5.0 
Happiness 4.3 3:5 


Total 35s 33.6 p < .0Ol 
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While the changes observed in attitude scores following bereavement are 
small (Table 6—9), there does seem to be a significant decline in the Work, 
Usefulness, and Total attitude scores. Inspection of the scores of men and 
women reveals some suggestion of greater decline for men in Work attitudes 
and for women in Usefulness. Since an average of 21 months has passed be- 
tween T; and T, some of the changes observed may be due to aging. 

These ratings point to a persistence of life style among the widowed elderly 
indicating a relatively high and satisfactory level of interaction with the envi- 
ronment. Widowhood does not appear to alter patterns of living. 

The social workers’ ratings of happiness and adjustment (Table 6—10) 
also showed no significant changes. Evaluations by psychiatrists were available 
on 23 women and 10 men. Of the 20 women rated “not depressed” prior to 
widowhood, 4 women become “depressed” after widowhood. Three women 


Table 6-10. Mean Cavan adjustment ratings (by social 
worker) before and after widowhood. 


Before After 
Men (N = 14) 
Happiness and contentment 4.2 4.1 
Adjustment 4.6 3.9 
Women (N = 27) 
Happiness and contentment 4.1 3.8 
Adjustment 5.1 4.7 


rated “depressed” before widowhood did not change following the death of 
the husband. This trend in the direction of increased depressive feelings for 
women was absent in widowed men. The 8 men rated “not depressed” prior to 
widowhood continued “not depressed” after widowhood. Interestingly, the 
two men rated “depressed” prior to widowhood reverted back to nondepressed 
ratings after widowhood. There were no significant changes in the ratings for 
anxiety or hypochondriasis before or after widowhood for both men and 
women. 

Thus it can be seen that the “before” and “after” psychiatric ratings 
showed only a mild increase in depressive feelings for some women after wid- 
owhood. This agrees with both the social workers’ impressions and self-reports 
that some women are less happy and feel less useful after the event of widow- 
hood. Generally, the changes observed appear to be minimal. 


Discussion 


The data confirm our impression that most of our subjects adapt reason- 
ably well to their loss. There are a number of factors which appear to account 
for this. We suspect that the relatively advanced age at which our subjects 
were widowed plays an important role. (All 41 were over sixty-five years of 
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age; 33 were seventy years old or older.) In these late decades, there is an 
apparent placidity which settles over their lives as the role of worker has been 
concluded and career goals (including those of the family) have either been 
reached or put aside. Family responsibilities have become minimal and the 
settled social role has already been established for many years. 

Indeed, the quality of stable, orderly lives seems characteristic of all our 
subjects. Of the total subject group (181) on whom such data are available, 
only 8 were not living in their own homes and benefiting from the continuity 
and familiarity of location and neighborhood ties made possible by long-time 
occupancy. There were only two instances of widows moving in with children, 
although in one case a sister moved in with her widowed brother. Life style 
changes in the elderly may more often result from the cumulative effects of 
chronic illnesses and limitations in physical functioning than from bereave- 
ment. 

No longer dependent upon contacts at work, but relying upon kin and 
friends among church groups and neighbors, the social networks of our subject 
group did not appear to be disrupted by the death of the spouse. The con- 
sistency of activities “before” and “after” widowhood reported by the widows 
in our study may be explained by the kinds of activities engaged in. Typically 
these relationships are with kin, neighbors, long-time friends, memberships in 
garden, bridge, women’s clubs or civic clubs for men and similar activities 
which did not involve the presence of the spouse. The importance of con- 
tinuing long-time associations is illustrated by many of the older persons in 
our panel who maintain memberships in organizations but attend only infre- 
quently or not at all. 

According to the self-reports and the ratings by the social workers and the 
examining psychiatrists, female subjects tended to be less happy than male 
subjects after widowhood, with women reporting an increase in depressive 
feelings in spite of remaining slightly more active than the men. The mild de- 
pression could probably be accounted for by the loss of a role central in the 
self-esteem and gratification necessary to these homemakers and the lack of 
the familiar person to engage in the intimate interchanges which occur all day 
long between two people who compose a household. 

Two male subjects are reported in this paper as changing from a “de- 
pressed” state before the death of the wife to “not depressed” after the loss. 
Other subjects, not notably depressed, were reported as having some improve- 
ment in morale following the death of the spouse. Our interviews indicate that 
the relief felt in these situations was due to several factors: relief experienced 
at having survived a long dreaded event, a feeling that nothing more could be 
expected from the survivor, a sense of peace that the suffering of the spouse 
was ended and finally, a lessening of the sheer physical exhaustion which 
nursing care had required of the aged survivor. 

The stability of the health activity rating for our elderly women contrasts 
with the health activities of younger widows who consulted their practitioners 
because of psychosomatic symptoms more than three times as often during the 
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six months following the bereavement. (Parkes, 1972). Elderly women, again, 
appear to tolerate the stress of loss of spouse well. 


Summary 


A pilot project to test reactions to widowhood in elderly men and women 
indicates that the years following bereavement of those over 65, are not char- 
acterized by social disintegration. These older subjects have little or no health 
deterioration. There appears to be a small, though significant decline in work, 
usefulness and total attitude scores, with an apparent greater decline for men 
in work attitudes and for women, in feelings of usefulness. The subjects utilize 
such supportive social structures as networks of relatives, friends and neigh- 
bors and long-time home ownership and occupancy. With advancing age and 
retirement there is an easing of social and economic pressures. They are psy- 
chologically prepared to accept the death of the spouse through mechanisms 
which permit gradual identification with the role of widowhood before the 
actual event. Religious supports appear to be particularly important sources of 
strength. 
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Health and Social Factors Related to Life Satisfaction 
Erdman Palmore and Clark Luikart 


Most researchers and professionals seem to agree: with laymen that life 
satisfaction should be a major component of any comprehensive conception of 
“adjustment” or “mental health” (Sells, 1969). Because of this consensus 


Reprinted by permission from the Journal of Health and Social Behavior, 13:68-80, 
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there has been considerable research and writing on life satisfaction in old age 
(see review by Riley, 1968) and in earlier years (Cantril, 1965; Bradburn 
and Caplovitz, 1965; Soddy, 1967; Berkman, 1971). This research has gen- 
erally found substantial relationships between life satisfaction and health, ac- 
tivity, socioeconomic status, and to some extent with age. That is, the more 
satisfied tend to be healthier, more socially active, tend to have more income 
and education, and tend to be younger. There are, of course, good theoretical 
and common sense reasons for these associations. 

However, almost none of this research attempts to assess the relative im- 
portance of these several variables for life satisfaction or to assess the inde- 
pendent effects of each of these variables when the others are controlled. Thus, 
we do not know whether health is more important for satisfaction than income 
or education or activity or age, etc. Nor do we know whether there is any in- 
dependent effect of each of these variables when the others are controlled. 
Thus, it has been asserted that health is the only important factor and that all 
others pale into insignificance by comparison. Or that “money can (or can’t) 
buy happiness.” Or that if a person will just keep active and socially involved 
he will be assured life satisfaction. 

This paper reports an attempt to evaluate such assertions through multiple 
regression analysis of the relative influence of health, activity, social-psycho- 
logical, and socioeconomic variables upon life satisfaction in early and late 
middle-age. It also analyzes the interrelations between these variables, par- 
ticularly the correlates of self-rated health, organizational activity, and internal 
control orientation. We believe middle age is an important time in which to 
analyze life satisfaction because it is supposed to be a period with relatively 
high rewards and yet it usually contains many potential stresses such as physi- 
cal decline, menopause, approaching retirement, etc. 


Methods 


Sample 


The data for this analysis come from the Duke Adaptation Study, an inter- 
disciplinary longitudinal study of 502 persons aged 45—69 at the beginning of 
the study in 1968. 


Measures 


A. Dependent variable. Life satisfaction was measured by the “Cantril 
Ladder” (Cantril, 1965). The respondent was first asked to describe his 
“wishes and hopes for your future” and then to describe “what would be the 
most unhappy life for you.” He was then presented with a picture of a ladder 
numbered from zero on the bottom rung to nine on the top rung. The re- 
spondent was asked to suppose “that the top of the ladder represents the best 
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possible life for you and the bottom represents the worst possible life for you. 
Where on the ladder do you feel you stand at the present time?” Advantages 
of this technique is that it is “self-anchoring” and results in a continuous and 
theoretically equal-interval measure. It is self-anchoring in the sense that it is 
relative to each person’s own conception of maximum and minimum life satis- 
faction. Other methods of measuring happiness or life satisfaction were used 
in this study, but the satisfaction ladder is used in this analysis because it ap- 


Table 6-11. Ranges, means, standard deviations and zero-order correlations of 18 
variables with life satisfaction (N = 502). 


Correlation 
Actual Standard with life 
Variable range Mean deviation _ satisfaction 
Life satisfaction 
0-9 7.0 ES 
Health 
1. Self-rated health 1-9 6.8 ES -43 
2. Performance status 4-10 9.2 0.8 lil 
Activity 
3. Organizational activity 0-18 a2 3.7 18 
4. Social activity hours 0-34 9.9 6.3 -09 
5. Productive hours 0-87 Ailes 18.5 ae. 
6. Social contacts 1-306 101.4 59.9 .O1 
7. Employment 0-1 0.7 0.5 .06 
Social-psychological 
8. Internal control 0-4 2.4 1.0 .16 
9. Career anchorage 0-6 2.0 HE, 03 
10. Confidant 0-1 0.6 0.5 .04 
11. Marital status 0-1 0.9 0.4 .OS 
12. Sexual enjoyment 0-3 1.4 ve 14 
13. Moves 0-7 0.5 1.0 —.05 
14. Intelligence 10-60 36.1 9.0 .OS 
Socioeconomic 
15. Income 0-15 8.1 4.4 10 
16. Education 0-27 11.8 4.0 .03 
17. Age (at interviews) 46-71 58.9 Te. — .04 
18. Sex 0-1 0.5 0.5 —.02 


pears to be the most stable and global assessment of life satisfaction in gen- 
eral. The other measures refer specifically to affect in the past week, or to 
“anomia,” or to psychosomatic symptoms of stress. Table 6-11 presents the 
actual range, the mean score, and the standard deviation for life satisfaction 
and the other measures used in this analysis. 

B. Health variables. The self-rated health measure also used a similar 
ladder with the bottom of the ladder (0) representing the most serious illness 
and the top of the ladder (9) representing perfect health. The performance 
status was a rating given by the examining physician based on his examina- 
tion, the medical history, and results of laboratory tests. The ratings had a 
theoretical range of one for “moribund; fatal processes progressing rapidly” 
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to ten for “normal; no complaints; no evidence of disease.” Actually, most of 
the participants in this study were given high health ratings (Table 6-11). 

C. Activity variables. Organizational activity was measured by the sum of 
the number of religious services and meetings of other groups such as clubs, 
unions, Or associations which the respondent reported usually attending each 
month. There was a maximum of nine religious services and maximum of nine 
other meetings coded, giving a possible range of 0 through 18. 

Social activity hours was measured by summing the number of hours spent 
during the last typical week ‘‘attending a sports event such as baseball or foot- 
ball game; attending church or other meetings, lectures, or concerts; doing 
volunteer work for church, other organizations, or relatives; visiting, tele- 
phoning, or writing friends or relatives; parties, eating out, or entertaining.” 
Work and housework were not included because we did not know how much 
social contact occurred during these hours. 

Productive hours were measured by summing the number of hours spent 
during the last typical week working or doing housework; doing volunteer 
work for church, other organizations or relatives; yard care, gardening, repair- 
ing, building, mending, sewing, and other such activities. The total number of 
social contacts per month was measured by summing the number of reported 
visits or telephone conversations with children, close relatives, close friends, 
neighbors; and number of religious services or other meetings. Work contacts 
were not included because these are not “voluntary” types of contacts. The 
employment variable was simply scored one if the respondent had a job or 
business and zero if he did not. 

D. Social-psychological variables. Internal control orientation was meas- 
ured by the first-person items in the Jessor scale known as the “Internal- 
External Control of Reinforcement Scale” (Jessor, 1968). For this analysis 
we used four pairs of statements and asked the respondent to decide which 
one of each pair is more true for him. An example is “Some of the good and 
some of the bad things in my life have happened by chance (external control). 
What’s happened to me has been my own doing (internal control).” In this 
analysis, external items were scored zero and internal items were scored one, 
making a higher score indicate greater belief in internal control. We used only 
the first-person items in this analysis because some research has shown higher 
associations of other variables with the first-person items than with the 12- 
item scale (Gurin, 1969), and because we also found that the first-person 
items had a somewhat higher correlation with life satisfaction than did the 
total of 11 items included in our interview. 

The career-anchorage scale (Tausky and Dubin, 1965) is a measure of 
whether a person tends to evaluate success in terms of how far a person has 
come (downward anchorage) or in terms of how far a person has to go be- 
fore he reaches the top of his career (upward anchorage). It too is based on 
forced choices between six pairs of statements such as, “Which man do you 
feel is giving his son the best advice? A. When you start your career (trade), 
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don’t be satisfied until you reach the top (upward anchorage). B. When you 
start your career (trade), don’t be satisfied until you have gone just as far as 
you can (downward anchorage).” In this analysis, the downward orientation 
response was scored zero and the upward orientation response was scored 
one, so that higher scores indicate more upward orientation. 

The “confidant” measure was based on responses to the question, “Is there 
one person in particular you confide in or talk to about yourself or your prob- 
lems?” A “no” response was coded zero and a “yes” response was coded one. 
Marital status was coded one for married persons living with their spouse and 
zero for all others. The measure of sexual enjoyment was based on responses 
to the following question: “How much pleasure or enjoyment do you have 
during sex relations at the present time? None, mild pleasure and enjoyment, 
moderate pleasure and enjoyment, very much pleasure and enjoyment.” The 
coded responses range from 0 for “none” up to 3 for “very much pleasure and 
enjoyment.” Most nonmarried persons responded “none.” 

The measure of moves is simply the number of times a person moved his 
residence in the past ten years. Intelligence was measured by four subtests of 
the Wechsler Adult Intelligence Scale (Wechsler, 1955): information, vo- 
cabulary, digit symbol, and picture arrangement. Scaled scores rather than 
raw scores were used in order to give each subtest equal weight. 

E. Socioeconomic variables. Income was based on responses to the ques- 
tion, “About how much was your (and your spouse’s) total income from all 
sources during the last twelve months?” Responses were coded, by $1,000 in- 
tervals, from O for under $1,000 through 6 for $6,000 to $6,999, 7 for $7,000 
to $9,999, 10 for $10,000 to $14,999 and 15 for $15,000 and over. Educa- 
tion was simply the highest grade of regular school or college ever attended 
by the respondent. 

Age was the actual age at the time of interview rather than at the time of 
sampling. One might question whether those over 60 should be called “mid- 
dle-aged.” The chronological age at which middle-age ends is of course arbi- 
trary and opinions vary widely. In our sample, a majority (52 percent) of 
those 61-65 defined themselves as middle-aged, and 40 percent of those over 
65 still defined themselves as middle-aged. Persons age 60-70 were included 
in this study in order to examine the adaptation process in this critical “late 
middle-aged” period. 

Sex was coded as zero for men and one for women. 


Analysis 


The measures in this analysis were designed to meet the requirements of 
true metric scales, in order to make correlation and regression analysis possi- 
ble. That is, they have a true zero point representing a complete absence of 
the variable being measured and each point on the scale is designed to repre- 
sent an equal interval. However, there is one variable which does not quite 
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meet these requirements in the usual sense. Sexual enjoyment, while having a 
zero point representing no sexual enjoyment, may not have equal intervals be- 
cause we cannot be sure that “mild pleasure and enjoyment” is exactly half as 
much “moderate pleasure and enjoyment,” etc. Also there are several 
“dummy variables” with only zero and one scores: employment, confidant, 
marital status, and sex. Even though such “dummy variables” are not true 
metrics in the usual sense, their characteristics are close enough to be widely 
used in regression analysis. Furthermore, several statisticians argue that vari- 
ables which do not completely meet all the assumptions supposedly required 
for true metrics, can be used in regression analysis without introducing sub- 
stantial error in the results (Labovitz, 1967; Blalock, 1961). 

The primary methods of analysis for this report are linear correlations and 
step-wise multiple regression. The reader should be aware that this type of 
analysis ideally requires linear relationships, normal distributions, and equal 
variances among the variables. These ideals are not fully met by some of the 
variables and relationships. We do not yet know what the effects of these de- 
partures from the ideal are on our data, but we are pursuing other types of 
analysis such as curvilinear and nonparametric methods to answer this ques- 
tion. So far, the other types of analysis confirm the general relationships pre- 
sented here. 

Seventeen percent of the interviews did not have a usable score on one or 
two of the variables. In order to save these cases for the multiple regression 
analysis, we used the mean value of the missing variable as an estimate of the 
missing score. This procedure did not substantially affect the results, except 
that it prevented an unnecessary loss in the number of cases used in the 
analysis. 

We will examine both the zero-order correlations of each variable with life 
satisfaction for the total sample (Table 6-11), and the results of step-wise 
multiple regression analysis for the total group and for separate age and sex 
groups, in order to get a more precise picture of the relative influence of each 
variable when the others are statistically controlled (Table 6-12). In the step- 
wise multiple regression procedure used in this analysis, the computer deter- 
mines which one variable explains the largest proportion of the variance. This 
variable is listed first along with its multiple correlation, beta or slope value, F 
value, etc. The computer then lists the second variable which explains the 
largest amount of the remaining variance after the first variable has been 
taken into account. This procedure is repeated until no variable adds a statisti- 
cally significant amount of explained variance (.05 level). The multiple re- 
gression Tables 2—5 present in the second column the zero-order correlations 
(the separate associations of each independent variable with dependent vari- 
able), the multiple correlation in the third column (the total association of the 
independent variables listed at that point), the cumulative variance explained 
by those variables (the square of the multiple regression) in the fourth col- 
umn, and the beta value (unstandardized) or slope in the fifth column (how 
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Table 6-12. Multiple regressions of strongest* variables related to life satisfaction, 
by sex and age groups. 


Zero-order Multiple Cumulative Beta 
Variable correlation correlation variance (slope) 
Total group (N = 502) 
Self-rated health 43 -431 .186 -445 
Organizational activity 18 456 -208 .065 
Internal control 16 -470 221 HlDD 
Performance status ail -480 .230 .252 
Productive hours ale -486 .236 .001 
Men (N = 261) 
Self-rated health -44 -439 .193 -458 
Organizational activity 18 461 aS .043 
Confidant aS) -478 .228 .328 
Performance status .09 -492 .242 .278 
Employment 10 -499 .249 366 
Social activity 7, .507 BOOT) -030 
Women (N = 241) 
Self-rated health -42 -421 Bi -401 
Organizational activity 19 -452 .204 .062 
Internal control .20 -473 .224 .204 
Ages 46-59 (N = 268) 
Self-rated health -47 -465 .216 -485 
Organizational activity 26 .509 .259 .080 
Performance status .09 .529 .280 .333 
Income 14 .536 .287 .060 
Education 01 553 306 — .062 
Ages 60-71 (N = 234) 
Self-rated health .40 -398 .158 398 
Internal control eal -436 .190 La 
Organizational activity 10 .446 .199 .042 


* All variables significant at .05 level. 


much a change of one point in the independent variable affects the value of the 
dependent variable). 


Findings and Discussion 


Correlates of Life Satisfaction 


It is clear that self-rated health is by far the strongest variable related to 
life satisfaction, both in the total group and in each of the subgroups analyzed 
(Table 6-12). The zero-order correlations of self-rated health with life satis- 
faction is more than twice that of any other variable, and it accounts for two- 
thirds or more of the explained variance in all the groups analyzed. This 
association of health with satisfaction is similar to the findings of other studies 
of life satisfaction in old age (Maddox and Eisdorfer, 1962; Streib, 1956; 
Kutner, 1956; Suchman, 1958). However, the other studies have not clearly 
shown that health is the preponderant variable influencing life satisfaction. 
The present analysis shows not only that health is the strongest variable, but 
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that it alone accounts for the large majority of the explained variance in life 
satisfaction. All the other variables put together are of secondary importance. 
The beta value of .445 shows that for each point difference in self-health 
rating, there is almost a half point difference in life satisfaction. 

Furthermore, the person’s own conception of his health (as shown by the 
self-rated health) is more important than the physician’s rating of his health 
(as shown by the performance status rating). Indeed, the performance status 
rating had a lower correlation with life satisfaction than several of the other 
variables (Table 6—11). This greater importance of self assessment compared 
to medical assessment is also similar to the findings of several studies of life 
satisfaction among the aged (Maddox, 1962; Suchman, 1958). Apparently, it 
is less the objective status of a person’s health (as assessed by a physician) 
that influences his life satisfaction, than the persons own evaluation of his 
health. This implies that a person with poor objective health may still have 
high life satisfaction if he believes his health is relatively good, and similarly a 
person with good objective health may have low life satisfaction if he is con- 
vinced his health is relatively poor. 

This is not to say that life satisfaction is unaffected by his objective health. 
Indeed, physician’s rating of performance was the third strongest variable in 
the total group after the self-rated health was controlled. The fact that the per- 
formance status added a significant increase in the explained variance after the 
other variables had been statistically controlled, indicates that it does have an 
important independent effect on life satisfaction. 

One caution should be borne in mind in evaluating this strong association 
of self-rated health with life satisfaction. Part of this association may be due to 
the fact that both life satisfaction and self-rated health were measured by the 
same device: a ladder ranging from 0 through 9. There may be some gen- 
eralized tendency for persons to pick similar numbers on such a ladder despite 
its use to represent different dimensions. In order to. estimate the possible ef- 
fect of such a tendency, we also correlated life satisfaction with another esti- 
mate of self-health: responses to the question, “In general, how is your health 
right now: excellent, good, fair, or poor?” When this was coded on a four 
point scale, it had a correlation of .26 with satisfaction. This correlation is 
considerably less than the .44 of the ladder rating, but it is still substantially 
higher than any other correlations with satisfaction. Thus, we conclude that 
self-rated health would be the strongest variable related to life satisfaction, re- 
gardless of how it is measured. 

The second strongest variable related to life satisfaction was organizational 
activity, a simple sum of the number of church and other meetings attended 
per month. This was also the second strongest factor for persons over 60. This 
association of organizational activity and life satisfaction is in accordance with 
the findings of most studies of activity and life satisfaction among the aged 
(Palmore, 1968; Havighurst and Albrecht, 1953; Tobin and Neugarten, 1961; 
Kutner, 1956; Morrison and Kristjanson, 1958). There is probably a two-way 
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effect which explains this strong association: persons who are more active in 
organizations usually derive substantial life satisfaction from such activities; 
and depressed persons with low life satisfaction may tend to withdraw from 
organizational activities. Furthermore, both organizational activity and life 
satisfaction are related to better health, but organizational activity still appears 
to have an independent effect on life satisfaction after self-rated health is sta- 
tistically controlled. We will discuss further the determinants of organizational 
activity in the next section. 

However, there is a striking contrast between the strong association of or- 
ganizational activity with satisfaction, and the relatively weak associations of 
the other activity measures with satisfaction (Table 6-11). The number of 
hours spent in social activity has a correlation with satisfaction that is less than 
half that of the organizational activity correlation; productive hours is barely 
significant in the total group; employment is significantly related only among 
the men; and the total number of social contacts has almost no relation to life 
satisfaction. This finding is in contrast to much of the literature which has 
stressed the importance to life satisfaction of remaining productive, socially in- 
volved, and generally active. Our results suggest that the most important activ- 
ity determinant of life satisfaction in middle age is organizational involvement 
and that other forms of activity are of secondary importance at best. As might 
be expected, employment is significantly related to satisfaction among the men 
(.10), but has almost no relation to satisfaction among the women (.02). 

The third strongest variable in the total group (and the second variable for 
persons over 60) was the internal control orientation (Table 6-12). Appar- 
ently the middle-aged (and especially the females and older middle-aged) who 
believe that they tend to control their life have greater life satisfaction than 
those who believe that their life tends to be controlled by luck, fate, destiny, or 
powerful others. The reasons for this relationship are somewhat unclear at this 
point. Part of the answer may be that internal control is associated with such 
concepts as autonomy (Erikson, 1959; Havighurst, 1963), competence 
(White, 1969; Neugarten, 1963), and achievement motivation (Atkinson and 
Feather, 1966; McClelland et al., 1963), all of which probably contribute to 
life satisfaction; and internal control is negatively related to alienation, hope- 
lessness, and powerlessness (Seeman, 1959), which would reduce life satis- 
faction. 

Having a confidant in whom one confides or talks to about himself and his 
problems is moderately related to life satisfaction among men (third strongest 
variable, r = .15, Table 6-12), but is somewhat negatively related to satisfac- 
tion among women (—.07). Lowenthal found in a study of aged in San Fran- 
cisco, that having a confidant was related to higher morale and served as a 
buffer against depression resulting from decreases in social interaction (1968). 
However, her article reports no sex difference in this relationship between con- 
fidant and morale. It is theoretically clear why having a confidant would in- 
crease life satisfaction by providing an intimate, sympathetic, and supported 
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relationship (as among the men); but it is puzzling why having a confidant is 
negatively related to satisfaction among the women. We hope to explore this 
question with further analysis in the future. 

It is noteworthy that, while all the other social psychological variables had 
low correlations with satisfaction, none were strong enough to add a significant 
increase in the variance explained for any of the groups analyzed. 

Turning now to the socioeconomic variables, income has an over-all mod- 
erately positive relationship to satisfaction, as might be expected (.10, Table 
6-11). Among persons age 46-59, this relationship increases to .14 and be- 
comes the fourth strongest variable related to satisfaction (Table 6-12). 
Among persons with incomes under $7,000, this relationship increases to .16, 
while among those with $7,000 or more, the correlation drops to .10. Thus 
it appears that while it may be true that “money can’t buy happiness,” ade- 
quate income may provide more of the basic necessities related to life satis- 
faction such as adequate food, housing, security, recreation, and social 
status. This is especially true among those with lower than average incomes, 
indicating that increased income above the average level provides diminishing 
returns. It is also more true of the younger middle age, indicating that in- 
come is less related to satisfaction among the older middle age. 

Education has surprisingly little relationship to life satisfaction in the total 
group (r = .03, Table 6—11). However, we again found differences between 
those with above average and those with below average incomes: those with 
incomes below $7,000 had a low positive correlation between education and 
satisfaction (.06), while those with incomes of $7,000 or above have a low 
negative correlation between these two variables (—.04). This is similar to the 
findings of Bradburn and Caplovitz (1965) that those with incomes under 
$7,000 had a strong positive relationship between education and happiness, 
while those with over $7,000 had a negative relationship between those two 
variables. There seems to be no clear explanation for this finding at present, 
but one might speculate that among those with comfortable incomes, greater 
education is associated with a greater discrepancy between ideal and actual 
levels of achievements, or more unrealistic expectations, or more cynicism, 
etc: 

There was also a low negative correlation between age and satisfaction 
(—.04, Table 6-11), indicating that the older middle-aged tend to be slightly 
less satisfied than the younger middle-aged. However, this is such a weak re- 
lationship that it does not contribute any significant increase in the multiple 
regression for any of the groups analyzed. This weak relationship is in con- 
trast to the strong relationships found in other studies including the middle- 
aged (Bradburn and Caplovitz, 1965, Gurin, 1960; Kutner, 1956). Cantril 
(1965), the originator of the satisfaction ladder, found a small increase (7 
percent) in the proportion of persons aged 50 and over who had high satis- 
faction compared to those aged 30-49. He concluded that the older middle- 
aged “appear somewhat more resigned to their status in life” (p. 258). Since 
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we found only one-tenth of a point difference in the mean satifaction scores 
between those under and those over age 60, we conclude that there is probably 
little or no difference between the younger and the older middle-aged in their 
life satisfaction relative to their life expectations. 

Finally, sex was the variable least related to satisfaction (r = —.02, Table 
6-11). This lack of difference between men and women agrees with the find- 
ings of both Bradburn and Cantril, but contradicts Kutner’s findings of higher 
morale among men over age 60 (1956). 

The main differences between men and women were that, after self-rated 
health and organizational activity had been accounted for, internal control was 
the only other significant variable for women, while having a confidant, high 
performance status, amount of employment, and social activity were signifi- 
cant for men (Table 6-12). It appears that men’s life satisfaction is more de- 
pendent on a variety of active roles. 


Correlates of Self-Rated Health 


Since self-rated health is the strongest variable related to life satisfaction, 
we will analyze next the variables that might explain or are related to self- 
rated health. It has been suggested that a person’s perception of his health is 
mainly a function of his overall optimistic or pessimistic view of life. This 
would explain its high association with life satisfaction. While there is prob- 
ably some effect of the overall view on self-rated health, there is also evidence 
that about three-fourths of respondents’ ratings of their own health are in 
fairly close agreement with the ratings of physicians (Maddox, 1964; Such- 
man, 1958). Furthermore, good health is one of the most frequent reasons 
given for happiness in this study and in others (Gurin, 1960). Therefore, we 
believe that the major direction of causality is from health to life satisfaction, 
rather than the other way around. 

This is further supported by the strong and predominant association of the 
physician’s rating of performance status with self-rated health in this study 
(Table 6-13). The performance status rating explains over 80 percent of the 
explainable variance for the total group and it is also the dominant factor for 
men and women considered separately. Thus, the major explanation of how 
these respondents perceived their health appears to be their objective health 
as rated by the physician. 

Intelligence (or education among men) is the second strongest variable, 
which seems to indicate that healthier people are also intellectually superior 
and able to perform better mentally as well as physically. This may in turn be 
related to better nutrition, health care, and the generally more favorable en- 
vironment of the upper socioeconomic levels. 

For the total group, there were smaller associations of self-rated health 
with more productive hours, younger age, and more sexual enjoyment. These 
associations are in the expected directions, but add little to the explained vari- 
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Table 6-13. Multiple regression of strongest* variables related to self-rated health, 
by sex. 





Zero-order Multiple Cumulative Beta 
Variable correlation _—_ correlation variance (slope) 

Total group (N = 502) 

Performance status .43 .430 185 .79 

Intelligence 20 452 .204 -02 

Productive hours 18 -458 .210 01 

Age —.06 469 .220 .03 

Sexual enjoyment 16 .476 Lay oz 
Men (N = 261) 

Performance status 45 -452 .204 88 

Education sa .466 na .04 
Women (N = 241) 

Performance status 41 -.406 .165 81 

Intelligence .27 461 2138 -04 


* All variables significant at .05 level. 


ance and were not significant variables for men and women considered sepa- 
rately. 


Correlates of Organization Activity 


Organizational activity was the second strongest variable related to life 
satisfaction and we now turn to an analysis of what variables may influence 
the amount of organizational activity (Table 6-14). The variables of social 
activity hours and productive hours were omitted from this analysis because of 
the overlap between these measures and organizational activity. 


Table 6-14. Multiple regression of strongest* variables related to organizational 
activity, by sex. 


Zero-order Multiple Cumulative Beta 
Variable correlation correlation variance (slope) 

Total Group (N = 502) 

Employment —.12 .120 .014 —1.24 

Performance status sil eT, .031 0.55 

Intelligence ll -201 .040 0.04 

Internalcontrol .08 nD -049 0.35 
Men(N = 261) 

Intelligence aS 129 .017 0.05 

Internal control ae -183 -033 0.47 
Women (N = 241) 

Employment —.18 HS .031 —1.61 

Performance status 14 .242 .059 0.80 

Sexual enjoyment tet .267 .071 0.44 





* All variables significant at .05 level. 
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Employment was the variable most closely related (negatively) to organi- 
zational activity in the total group, but this was entirely due to its strong nega- 
tive relationship to organizational activity among women (r = —.18). There 
was no such relationship among the men. Apparently, employed women had 
less time and interests for organizational activities than non-employed women. 

Performance status was the second strongest variable, but again the rela- 
tionship is much stronger among women than among men (.14 compared to 
.07, respectively). Apparently women’s physical performance ability was an 
important determinant of their organizational activity, but this was less true 
for men. 

Men’s organizational activity seems primarily affected by their intelligence 
and their belief in internal control. Perhaps the more inteiligent men engaged 
in more Organizational activity because of their greater capacity for such ac- 
tivity. Similarly a greater belief in internal control implies a more “active- 
mastery” approach to life, which one might expect to be associated with more 
organizational activity. 


Correlates of Internal Control 


We also examined the multiple regressions of internal control (Table 
6-15), because it was the third strongest variable related to satisfaction in the 
total group and was especially strong among women and among those over 60. 

The difference between men and women was the primary variable related 


Table 6-15. Multiple regression of strongest* variables related to internal control, 
by sex. 


Zero-order Multiple Cumulative Beta 
Variable correlation correlation variance (slope) 
Total Group (N = 502) 
Sex —.21 .207 .043 —.342 
Productive hours 14 .239 .057 .007 
Organizational activity .08 .263 .069 -023 
Moves —.11 .279 .078 — OL 
Sexual enjoyment 19 .291 -085 .099 
Social activity hours .02 .297 .088 .013 
Intelligence —.04 305 .093 — .008 
Men (N = 261) 
Employment aS 145 -021 .414 
Organizational activity 2 -189 .036 .041 
Social contacts —.08 213 .045 — .003 
Confidant 10 .246 .061 233 
Intelligence — .06 .267 .071 —.012 
Women (N = 241) 
Social contacts 19 188 .035 .003 
Sexual enjoyment 18 .262 .069 .168 
Self-health rating 14 285 081 .078 





* All variables significant at .05 level. 


6. Social Roles and Self-Concepts 198 


to internal control orientation for the total group: men tended to have more 
internal control orientation than women. This finding is contrary to most of 
the previous studies, which indicate that there are no consistent sex differences 
(Hersch and Scheibe, 1967; Hamsher, 1968; Jessor et al., 1968; Strickland, 
1965; Lichtenstein and Kentzen, 1967). Only Rotter (1966) found a signifi- 
cant difference with males having more internal control orientation among a 
sample of college students. However, these studies have been limited to young 
persons, ethnic groups, and severely restricted populations of adults that had 
been selected in order to test other hypotheses. Ours appears to be the first 
finding of a significant sex difference in orientation toward internal control 
among adults (p < .001). The mean difference between men and women on 
these first person items is small (.43), but it is twice as large if one uses the 
entire 11 items in the scale (mean difference .85, p < .001). This difference 
seems to fit with the traditional assumptions in our society that men have a 
more “active-mastery” approach to life and women have a more “passive-de- 
pendent” approach. Perhaps this difference has disappeared among the 
younger generation along with the growth of women’s liberation and trends 
toward greater equality between the sexes. 

Productive hours is the second strongest variable related to internal con- 
trol for the total group and organizational activity is the third variable. There 
is probably two-way causality in these associations: persons who are more 
productive and active may have had experiences that tend to make them be- 
lieve more in their ability to control their life, and those who believe more in 
their internal control may tend to become more active and productive. 

The number of moves is the fourth variable in the total group and has a 
significant negative relationship to internal control. Perhaps some of these fre- 
quent moves have been involuntary and such moves may diminish beliefs in 
internal control. 

The amount of sexual enjoyment is the fifth variable significantly related 
to internal control for the total group: apparently persons with greater sexual 
enjoyment tend to believe they are in more control of their lives. The signifi- 
cant positive relationship for the total group of number hours spent in social 
activity fits in with the above interpretation of the general association of activ- 
ity with belief in internal control. 

It is puzzling that the last significant variable, intelligence, is negatively re- 
lated to internal control orientation. This seems to be contrary to the other 
associations of internal control with activity, productivity, and income. We 
suspect that, although the relationship is barely significant, it is so low that it 
has no substantive importance. 

Among men, employment is the strongest variable, which fits with the ex- 
pected importance of employment in men’s lives and the general association of 
activity with internal control. The fact that the second strongest variable 
among men is organizational activity, indicates that work is not the only 
sphere of activity strongly related to internal control among men. 
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There is an unexpected negative relationship between the total number of 
social contacts and internal control among men. This seems strange because 
most forms of activity are positively associated with internal control, and 
among women the number of social contacts has a strong positive relationship 
to internal control. Perhaps the men high on internal control are so busy with 
their employment and organizational activities that they do not have much 
time left for a large number of wider social contacts. 

Finally, having a confidant contributes somewhat to a belief in internal 
control among men, while better health contributes to a belief in internal con- 
trol among the women. 


Summary 


A multiple regression analysis of 18 variables thought to affect life satis- 
faction, in a sample of 502 community residents aged 45—69, resulted in the 
following principal findings. 

1. Self-rated health was by far the strongest variable related to life satis- 
faction and it alone accounts for two-thirds or more of the explained variance 
in all groups analyzed. This seems to confirm the old adage, “Your health is 
the most important thing.” 

2. The second most important variable was organizational activity, which 
suggests that involvement in social organizations is the type of activity that 
most contributes to life satisfaction among the middle-aged. 

3. Belief in internal control was the third strongest variable, which sug- 
gests a two-way effect: persons believing that they control their lives may en- 
gage in life styles that provide more satisfaction and persons who have more 
satisfying experiences may develop a stronger belief that they control their 
lives. 

4. Having a confidant, performance status, employment, and social ac- 
tivity are significantly associated with satisfaction among men, but not among 
women. This suggests that men’s life satisfaction is more dependent on a 
variety of active roles. 

5. Income and education were more strongly related to satisfaction among 
the younger middle-aged and among those with below average incomes. 

6. Several variables thought to be related to life satisfaction actually show 
little or no relationship to it: age, sex, total social contacts, career anchorage, 
marital status, and intelligence. 

7. The main determinant of self-rated health was objective performance 
status as rated by the physician. 

8. The main correlates of organizational activity among men were in- 
telligence and internal control orientation, but among women lack of employ- 
ment and high physical performance status were the main correlates. 

9. The main overall correlates of internal control orientation were sex 


6. Social Roles and Self-Concepts 200 


(men believed more in internal control), productive hours, and organizational 
activity. 

There were some puzzling relationships that call for further research, but 
the main finding is clear enough: life satisfaction in middle-age is most 
strongly related to perceived health and secondly to involvement in social 
organizations. Although we lack experimental or longitudinal evidence, this 
finding suggests the hopeful hypothesis that health improvement and increased 
organizational activity tends to increase life satisfaction among the middle- 
aged. 
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Metaphors as Test of Personal Philosophy of Aging Kurt 
W. Back 


Aging can be looked at from several points of view. It can be defined 
as physiological deterioration, as status change, as an accumulation of ex- 
perience, or as entrance into a discriminated-against minority. Each of these 
definitions has some use for specific purposes, but none of them is unique to 
aging; each definition makes aging equivalent to some other social process. 
There is one feature, however, which is unique to human aging. The human 
being has a definite notion of the normal life span and also, to a certain degree, 
has some picture of the course of human life. Aging means, to a great extent, 
coming to the end of one’s life span and also entering into a period which is 
the last period of human life, both of which conditions have a definite meaning 
for individuals. We may call this the personal-philosophy aspect of aging. 

Like other aspects of personal philosophy, these facts seem obvious, and 
just because they are assumed and form the background of experience, it is 
hard for people to put their philosophy into words. Large-scale studies of 


Reprinted by permission from Sociological Focus, 5:1:1-8, 1971. The author thanks 
Mrs. Joanna Morris for invaluable assistance in the analysis of the data. 
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aging people seldom take measures of this aspect of aging into account, but 
use other measures which are more easily obtainable. Thus it is questionable 
how closely people really look at the course of their lives, how explicit the 
personal philosophy is, and it is difficult to get people to express ideas by 
which we can look at people’s ideas about the course and the approaching 
end of their lives. 

The difficulty in devising measures of this kind lies in the fact that some 
answers are so obvious. If you ask people whether they are going to die, they 
say yes, and also agree that their life span is limited. In the same way, every- 
body accepts the fact that time passes, and that stages of life are different. 
Somewhat more subtle measures have to be used to see how aware people are 
of these facts during the normal course of their activities. It can be shown, 
for instance, that individuals are quite able to illustrate the course of their 
lives pictorially, and draw graphs corresponding to their lives (Back and 
Bourque, 1970; Bourque and Back, 1969). These life graphs are even quite 
consistent, showing a climax of life for most people between the ages of 40 
and 50, and after that a gradual decline. In this paper we shall investigate the 
usefulness of a different technique, namely that of the use of metaphors for 
the words time and death. 

This technique was developed by Knapp and Garbutt (1958; Knapp, 
1960) and has been used mainly for the purpose of developing a measure of 
achievement motive. They also used mainly young subjects, such as college 
students. In studying the course of life, the subjects were on opposite ends to 
the aging people, people at the stage where the decline of the life graph 
might be felt most strongly. In this paper we shall investigate the applicability 
of this technique to relating a course of life, starting with age 45, a time which 
is usually considered to be the climax of life (Bourque and Back, 1969), and 
going to 70. 


Method 


The data were collected as part of an ongoing panel study of a cross- 
section of the 45-70 population in Durham, North Carolina. . . . The 
present data are based on the first wave of study in which 502 interviews were 
collected: 7%... 

As the metaphors for age and death, twenty-five statements were taken 
from Knapp’s previous study. In his two papers, Knapp used two different 
techniques for measuring the suitability of the metaphor. In the research for 
his first paper (Knapp and Garbutt, 1958), he asked the subject to sort the 
twenty-five statements into five piles, ranging from most suitability for the 
concept to least. In that study, however, he used only the concept of time. In 
a second study (Knapp, 1960), he used six concepts and had the subjects 
rate the statements for suitability simply on a scale from one to seven. In this 
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study we used the first technique. The reason was mainly that in a population 
with varying education, there was a danger that there would be insufficient 
variability between concepts unless a forced distribution was obtained. The 
drawback is, however, that we cannot compare the means of the statements 
with the means which Knapp had found in his metaphor study on the young 
subjects. 


Results 


Table 6—16 shows the pattern of differences of the different metaphors by 
sex and age. The first striking effect which we see is that sex is much more im- 
portant than age in the respondent’s judgment of the metaphors. Only one 
time image and four death metaphors show a monotonic difference by age, 
although, in addition, two time images and one death metaphor show a 


Table 6-16. Two-way analyses of variance age X sex for 25 time images and 25 
death images. 


Age and/or Age and/or 
sex group sex group 
Time image favoring image Death image favoring image 
A large revolving wheel M* An infinite ocean <5) 
A whirlwind * A grinning butcher M* 
A road leading over a hill M* A glass of bitter wine 
Budding leaves Silent birds <50* 
An old man with a cane M* A trumpet 
A bird in flight Ee A hothouse full of lilies 
Weaving cloth rapidly Bee A chilling frost 
A rope unwinding A compassionate mother 
A speeding train A gentle veiled lady Ee 
A quiet, motionless ocean <50* Amisty abyss <n) 
A burning candle An understanding doctor Fa 
A stairway leading upward A falling curtain pipe 
A dashing waterfall A cracked bell 
A jet in flight A hangsman with bloody hands M* 
Wind-driven sand M* The end of a song <50and 50-59*; F* 
An old woman spinning M* A leafless tree 
Drifting clouds A shadowed doorway 
Marching feet Windswept leaves 
A vast expanse of sky A dreamless sleep 
The Rock of Gibraltar A broken thread 50-59** 
A fleeing thief A toppled house of cards 
The all-swallowing monster A satanic wrestler 
A tedious song 50-59* A bursting rocket 
A string of beads A crumbling tower vie 
A galloping horseman 50-59* A dark lake 


* Group liked the image more than the others at p .05. 


BapeOlu 


Interaction between sex and age significant at p .05. Older women and younger men liked 
it best; other interaction is not significant. 
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curvilinear significant relationship. If we look at the metaphors, however, a 
consistent picture emerges. Younger people see time more like a quiet ocean 
and death more like an infinite ocean, a silent bird, a misty abyss, and the end 
of a song. All of these metaphors seem to have in common a static quality 
although probably also a somewhat subdued emotional tone. Conversely, we 
can see that the older people reject these images and therefore might see time 
as a more rushing kind of event. We cannot say whether this is particularly 
positive or negative. As we have said, there are more sex differences than age 
differences for both kinds of images. Women see time like a whirlwind, a bird 
in flight, a rapidly weaving cloth, and death like a gently-veiled lady, an un- 
derstanding doctor, a falling curtain, and the end of a song. Men see time like 
a large revolving wheel, a road leading over the hill, an old man with a cane, 
wind-driven sand, and an old woman spinning. They see death like a grinning 
butcher, a hangman with bloody hands, and a crumbling tower. We might say 
women see time as being active, and men sce it more as a diffused event. But 
if we see inside the end of time, namely death, women are much more ac- 
cepting of death than men. This would correspond to a picture of women as 
being more realistic than men, accepting events as they come, accepting the 
passing of time and impending death, while men reject the picture of time 
passing and look at death in a very negative way. 

We can obtain additional patterning of the metaphors by factor analysis. 
The fifty questions were factored by centroid methods and rotated for the best 
structure. Knapp (1960) had factored his data too, and extracted one prin- 
cipal factor which is quite consistent with achieving motivation. In our study, 
however, we found a number of factors and none of those factors went 
across concepts; that is, no other factor had metaphors from both death and 
time. They are shown in Table 6-17 with questions which are part of the 
factors and tentative names for the description of the factors. 

Factor one includes six metaphors for death, all of which see death in a 
favorable light. It was called the harlequin factor for reasons which will ap- 
pear below. The second factor came from the time perspectives and had 
mainly activity or lack of facility as its leading indicators. We can identify this 
factor with the need-for-achieving measures which Knapp has found in his 
studies. The third factor, again, is concerned with death. It seems to be a 
dimension ranging from personalizing death to giving it an impersonal and 
natural image. The fourth factor has six time metaphors, all of which are 
concerned with speed and slowness. We can call this the speed factor, actually 
similar to the needs-achievement factor, although it came out separately. The 
fifth, again a time factor, has four items distinguishing active and passive. We 
can count these last two factors as really elaborations of factor two, the needs- 
achievement factor. The sixth factor, again consisting of death metaphors, has 
four items which look at death as a desert landscape or at least as an un- 
pleasant one. 

The six factors referrred to are especially interesting, giving the leading 
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Table 6-17. Factor structure of time and death images (each factor is composed 
of either time or death images exclusively). 


Factor loading of 


Factor variable Variable 
I Harlequin (death) <5) a trumpet 
71 a compassionate mother 
48 a gentle veiled lady 
ie an understanding doctor 
—.47 a crumbling tower 
—.45 a dark lake 
II Need achievement (time) — .63 a quiet, motionless ocean 
— .62 a vast expanse of sky 
54 a fleeing thief 
Al a galloping horseman 
III Death as personal attack against —.45 an infinite ocean 
impersonal nature (death) 299 a grinning butcher 
—.42 silent birds 
.65 a hangsman with bloody hands 
—.50 a dreamless sleep 
5 a satanic wrestler 
IV Speed (time) —.47 a road leading over a hill 
54 a speeding train 
= 5s a stairway leading upward 
56 a jet in flight 
—.40 a tedious song 
59 a string of beads 
V Active-passive (time) —.49 a whirlwind 
I an old man with a cane 
-56 a burning candle 
—.49 a dashing waterfall 
VI Desolate nature (death) — .46 a chilling frost 
—.42 a cracked bell 
—.44 windswept leaves 
—.44 a bursting rocket 


ideas on the two concepts of death and time. The first factor we have called 
the harlequin factor, as it corresponds to the harlequin complex as described 
by McClelland (1963). McClelland described this complex as the desire of 
some women to see death as a demon lover who conquers and gently brings 
death. The identification of lover and death is typical of this complex. McClel- 
land uses two lines of evidence, one from literature and one from clinical 
experience. The literary evidence starts with the character of harlequin in the 
Italian Commedia dell Arte which is a combination of the figures of death and 
a lover. Other literary examples are the stories of Agatha Christie, such as 
“The Mysterious Mr. Quinn,” which shows, first, death as a detective solving 
murders and then gradually as a gentle murderer. Clinical evidence shows 
similar fantasies arising out of case studies of women. The metaphors included 
in the first factor show the characteristics of the harlequin figure. Death is 
seen as a trumpet, a compassionate mother, a gently-veiled lady, and an un- 
derstanding doctor, while the desolate metaphors, crumbling tower and dark 
lake, are rejected in this factor. Following McClelland’s theory, we might 
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consider a high score on this factor as acceptance of the harlequin complex. 

The second factor is close to the one which Knapp has identified, namely 
the needs-achievement factor. It consists of time images, endorsing positively 
a fleeing thief, and galloping horsemen, and rejecting the opposite, quiet ocean 
and vast expanse of sky. In effect, the two other factors which have time 
measures are very similar. We have called them speed and activity, and it 
might be better to see the three of them as really representing one kind of 
factor, showing time as active, fast, and speeding along against the more 
static conception of time. In one of his studies, Knapp (Knapp and Garbutt, 
1958) has called a similar class of time images the “dynamic-hasty cluster.” 
We find, therefore, an agreement with Knapp on the existence of factors of 
this kind. 

We can now analyze the six factors according to sex and age. Only one of 
the factors has a consistent age difference. This is the needs-achievement 
factor. Here, in general, the older groups look at time as more dynamic. This 
analysis was done on five time periods, and the highest one was the middle 
group between 55 and 60, followed by the two older and afterwards by the 
two younger groups. We might say that the youngest group, who is really at 
the peak of life between 45 and 55, has no fear yet of time passing by. The 
group where it becomes crucial, then, the crisis group between 55 and 60, 
sees time speed fastest and the older groups also accept it. Four of the other 
factors show sex differences. The harlequin factor and the other two time 
factors, speed and activity, show higher scores among women, and looking at 
death as a personal opponent shows a higher score among men. These pat- 
terns correspond to what we have seen in individual questions. Men see death 
more as an opponent; women are more accepting of it, and at the same time 
are more realistic, more accepting of the passage of time. 


Conclusion 


Despite the difficulty of getting mass data on mainly philosophical con- 
cepts such as the meaning of life, death, and time, the measure we used gave 
meaningful results on a group of people with varied educations. We may say 
that the implicit philosophy of life can be measured by different techniques 
with most population groups. The measure which we have been using can be 
administered to a group with various ranges in education, giving consistent 
and important data. The main finding in this study relates more to sex than to 
age. Women are more accepting of death and are more aware of the passage 
of time, especially in the later years of life. This is also true of older people in 
general as compared to those in the middle years. 

It may be tempting to speculate that the difference between men and 
women is related to the ideas of cultural historians who associate women with 
the more agricultural, natural way of life, and men with industrial, urban life. 
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Expansion of the implications of a study of this kind must await further field 
study with larger populations and further analysis of data derived from this 
test. 

For the present, we shall stay with a poetic experience, like Bernard 
Shaw’s hero Tanner in Man and Superman, who realizes at the end that men 
talk and fight the Life Force, but women vanquish because they are the Life 
Force. 
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Transition to Aging and the Self-Image Kurt W. Back 


Research on aging has shown important contrasts between objective social 
and behavioral changes and the individual’s reaction to them. Faculties and 
abilities as well as social rewards and objective social conditions decline rather 
consistently during the later years of the life cycle. On the other hand, sub- 
jective satisfaction and morale not only do not decrease correspondingly but 
seem to improve during old age (Riley and Foner, 1968; Back and Gergen, 
1966). It is plausible to explain this apparent contradiction by the fact that 
morale is a personal comparison of self-worth with a realization of loss of 
socially important roles. While the loss itself may be traumatic, the new status 
may be acceptable later; for the aged, even social losses might be welcome 
adaptations to reduced capacity. It might be conjectured that physical capacity 
and energy decline steadily from early middle age on. while psychological 
extent, the size of the psychological life space, is maintained until a relatively 
sudden decline sets in at a comparatively late date. Thus, in early middle age 
we would find conformity between age and ability. During onset of old age, 


Reprinted by permission from Aging and Human Development, 2:296-304, 1971. The 
author thanks Mrs. Joanna Morris for invaluable assistance in analysis of the data. 
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psychological extent would remain higher than actual life situation. But as 
psychological life space declines, the two would be rejoined again, and a high 
level of satisfaction is attained again (Back and Gergen, 1968). 

Theoretical advance in this field must await measurement techniques that 
capture the personal meaning of the self-concept. We are seeking a measure 
not of morale in the general sense, but of evaluation of the self, the dis- 
crepancy of the self-image one holds to the way one feels he is seen by others, 
and the different features of the self-image which may become important. The 
present paper deals with the evaluation of two possible measures of self- 
image: one an adaptation of the semantic differential, and the other an adapta- 
tion of Kuhn’s Who-Are-You test (Kuhn and McPartland, 1954). These 
measures had been used previously to show not only the dimensions of the 
self-image but also the discrepancy between ideal, real, and actual self-image 
and self-presentation (Brehm and Back, 1968; Back and Paramesh, 1969). 

The utility of these measures can be determined by their sensitivity to 
adaptation to aging of varying population groups, especially those with dif- 
ferent problems during the aging process. Among the crises which can occur 
during the later parts of the life cycle, some appear in almost every life. One 
is the loss of occupational role through voluntary or forced retirement; an- 
other, the loss of family role through the leaving home of grown children— 
the “empty nest” stage of the family sociologist. It can be suggested that the 
first crisis is of particular importance to men, while the second is of greater 
importance to women. A valuable use of the measures of self which we are 
trying to develop is therefore to assess the relative impact of chronological 
age, retirement, and leaving of children on men and women. 


Method 


The data to be reported here were collected as part of a panel study on 
adaptation and aging of persons 45-70 being conducted at the Duke Center 
for the Study of Aging and Human Development. The present data are based 
on the first wave of study in which 502 interviews were collected. 

The questions used in this paper were part of the social history section of 
the study. Social history gave age, sex, working status, and family situation, 
including separation from children. The measures of self-orientation were of 
two kinds: one was a semantic differential and the other the Who-Are-You 
test. The semantic differential consisted of a list of seven bipolar scales, each 
scored from one to seven, each of which rated three concepts. The concepts 
were “what I really am”; “what I would like to be”; and “how I appear to 
others.” The seven scales were, “useful, busy, effective, free to do things, 
respected, looking to the future, and satisfied with life.” The first three (busy, 
effective, and useful) can be characterized as involvement, the last three 
(respected, looking to the future, and satisfied with life) as evaluation. 
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Several different measures of the three concepts could be obtained from the 
twenty-one scales. One measure, the direct rating, could be used on each of 
the concepts, evaluation of self, ideal self, and self-presentation, along the 
seven dimensions. Second, on each of the dimensions, differences could be 
shown between members of each pair of the three concepts. Thus, for in- 
stance, we could determine whether the person felt he was more or less busy 
than he would like to be. Third, the overall difference between members of 
each pair of the three concepts could be computed. This was done by the 
difference formula suggested by Osgood, Tannenbaum, and Suci (1957), 
which is the square root of the sums of the squared differences of all the seven 
scales. It can be visualized as a simple geometrical distance in a dimensional 
space. We shall be concerned here with the difference between the “real self” 
and “how I appear to others,” the reality-appearance difference. 

The Who-Are-You test is simply an open-ended rating of the self: “If 
someone were to ask you, ‘Who are you?’ what would you say?” The re- 
spondent himself can fill in all the dimensions which he likes and which seem 
to be important. The answers were scored in three main categories: (a) an- 
swers referring to personal background, family situation, ancestry, ethnic or 
religious identification, i.e., ascribed characteristics; (b) personal character- 
istics such as character, ambition, occupation; and (c) personal values such 
as beliefs, opinions, and attitudes. These three categories represent Reisman’s 
classifications into other directed, inner directed, and traditionally oriented 
character structure (Reisman, Denny, and Glazer, 1950; Back and Paramesh, 
1969). Each respondent gave three answers to the question, so that when the 
answers were combined, each of the three variables (personal background, 
personal characteristics, and personal values) had a possible range from zero 
to three. If a person gave three personal background items, he would be given 
a score of three on this variable and zero on the other two. If he listed two 
personal characteristics and one value, he would be scored two on character- 
istics and one on value. Here again, we can use the scores for each question as 
a basis of self-determination of the relevant variables of the self. 

We have thus two ways of measuring the self-concept: (a) a qualitative 
self-anchored way, which lets the respondent choose the variables which he 
finds critical; (b) a measure based on a predetermined set of scales, which 
makes mathematical transformations possible. 


Results 


Real Self versus Apparent Self 


Let us look at one of the crises of the self-image occurring in aging—the 
contrast between what a person really feels about himself and the image that 
he presents to others. This is expressed by the difference between the semantic 
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differential measures of the two concepts, the real self and the apparent self. 
An analysis of the distance measure between the two concepts, classified by 
sex and five-year age categories, shows significant differences by age, especi- 
ally among men, although not in a monotonically increasing fashion. For 
women, the largest divergence between self and appearance of self occurs in 
the two oldest groups (60 to 64 and 65 and over), but the next is in the 
youngest group (45 to 49), followed by the other two groups (50 to 54 and 
55 to 59). Among men, the sequence is almost regular, increasing with age, 
the only exception being a large difference in the 50 to 54 group. This se- 
quence would indicate that the discrepancy is not due to an intrinsic effect of 
aging but to events in the life cycle which change the position of a person in 
the world. 

There are two ways to learn more about the meaning of this changing 
reality-appearance contrast. One is by investigating the components and qual- 
ities which make up the self-image; the other is by comparing the reactions to 


Table 6-18. Distance between apparent and real self (semantic differen- 
tial) by sex and age. 


Under 50 50-54 55-59 60-64 65 and over 
Male 2.38 2.88 2.46 3.02 B05 


Female 2.64 2.59 2.49 2.69 2.92 


Sex: F(1,489) = 1.09 NS 
Age: F(4,489) = 3.32; p < .05 
Sex X Age: F(4,489) = .94 NS 


the different crises of the later years. First, let us examine the semantic dif- 
ferential itself to determine which scales contribute most to the reality-appear- 
ance difference. Dividing the scales into three groups, involvement (busy, 
useful, and effective), evaluation (looks to future, satisfied, and respected), 
and freedom to do things (Guptill, 1969), only the involvement factor dis- 
tinguished significantly between age groups, but this was affected by the sex 
of the respondent; the differences of the men were almost in the same order 
as the total difference; among women the youngest group (45 to 49) had the 
greatest difference, then the oldest, and then the intermediate groups. Overall, 
the interaction between sex and age was statistically significant. 

Going beyond the semantic differential itself, we can find some clues to the 
meaning of the reality-appearance difference in the answers to the Who-Are- 
You question. The strongest difference is revealed in the personal background 
directed answers. When asked who they are, women, in general, gave more 
answers relating to personal background, but this declines with age; men give 
fewer answers regarding personal background and their scores remain con- 
stant over the years; thus there is a great difference between the sexes in the 
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youngest age group but none in the oldest group. Among women, therefore, 
personal background characteristics, which include family relations, become 
of diminishing importance with age. 


Children Leaving Home 


Because of the sex differences in the influence of age on the reality- 
appearance discrepancy, we shall investigate the particular crises which may 
affect the sexes differently using the semantic differential. Let us examine first 
the departure from home of the children. Controlling for this variable we find 
age differences only in men. In other words, the age difference in the dis- 
crepancy of the real self and appearance to others is due mainly to the de- 
parture of the children among women, but not among men. 

The influence of age on the reality-appearance difference among women is 
thus partially accounted for by the fact that older women have fewer children 
living at home. Child separation, however, does not affect age changes in the 
interpreation of the meaning of the self. In response to the Who-Are-You 
question, the shift among women from personal background to achieved traits 
becomes stronger if controlled for child separation. Among men there is little 
change in the Who-Are You question, while among women there is a sharp 
decline of personal background items by age and an increase in value items 
with age in each group, classified according to child separation. 


Retirement 


By contrast, work and retirement affect both sexes in the same manner. 
Controlling for work status, we find no more differences according to age, but 
definite differences by sex and work status: men and nonworkers claim the 
bigger difference between appearance and reality of the self-image. Looking at 
the Who-Are-You question we can see traits that may account for these 
differences. Among the retirees, women mention significantly more personal 
background data and more individual characteristics. Among the workers 
there is no difference in amount of personal background data, but women 
mention more individual characteristics. 

In order to assess the relative importance of separation from work and 
child, we have to control simultaneously for work and family status. Because 
there are too few male nonworkers in the younger ages, we cannot control for 
both in the whole age range. Instead we can measure the influence of child 
separation in the working respondents in this group: for men the reality- 
appearance discrepancy increases with age, and for women it declines; further, 
for men the discrepancy increases with child separation, and for women it 
declines. There are no significant differences according to the Who-Are-You 
question. 
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Table 6-19. Difference of three scale clusters between apparent and real 
self by sex and age. 


Involvement Evaluation Freedom 
Male Female Male Female Male Female 

Under 50 mle 19 30 —.01 —.09 —.16 
50-54 .28 .02 mL ai 19 —.43 
55-59 D5 26 33 ee 32 —.04 
60-64 36 10 -oD NS —.11 —.04 
65 and over .09 2 32 oD 5Oe —.24 
Sex F(1,492) 39 NS 3.82; p < .10 4.77; p < .05 
Age F (4,492) .42 NS 1.73 NS .55 NS 

Sex x Age DD DE <ael\0) 1.08 NS .89 NS 


F(4,492) 


Table 6-20. Who-Are-You Score by age and sex. 


Personal Personal 
background characteristics Values 
Male Female Male Female Male Female 

Under 50 .43 1.35 1.09 1.00 1.00 .23 
50-54 59 .98 1.16 27, .86 61 
55-59 eo 81 1.02 1.00 73 Sil 
60-64 .38 .67 1.40 1.20 78 .70 
65 and over .39 41 1.27 1.13 85 94 
Sex F(1,492) 24.82; p < .01 .56 NS 6.67; p < .05 
Age F(4,492) 5.00; p < .01 1.55 NS 1.29 NS 

Sex X Age S:Glyp) <0 .37 NS 3.60; p < .01 


F(4,492) 


Table 6-21. Distance between apparent and real self by sex, age and 
children’s residence (parents only). 





Male Female 

Children Children Children Children 

not at home at home not at home at home 
Under 50 1.92 2.43 2.83 2.64 
50-54 2.45 Br 2.40 2.67 
55-59 D255 DSi 2.29 2.43 
60-64 2.95 3.33 2.66 2.18 
65 and over 3.30 3.54 2.96 De 





Sex F(1,402) = 1.97. NS 

Age F(4,402) = 2.68; p < .05 

Child residence F(1,402) = .64. NS 
Sex <X Age F(4,402) = 2.20; p < .10 
Other interactions not significant. 
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Table 6-22. Who-Are-You Score by age, sex and children’s residence 
(parents only). 


Male Female 
Children Children Children Children 
not at home at home not at home at home 
Personal background 

Under 50 38 -46 1.13 1.63 
50-54 50 .60 1.10 1.11 
55-59 A5y3) 15 81 aS 
60-64 35) .63 aS 1.29 
65 and over .43 -45 =i 0.00 


Sex F(1,404) = 14.88; p < .01 

Age F(4,404) = 3.41; p < .01 

Child residence F(1,404) = 1.26 NS 
Sex x Age F(4,404) = 3.61; p < .01 
Other interactions not significant. 


Personal characteristics 


Under 50 1.00 1.08 1.50 -68 
50-54 1.36 1.08 1.10 1.32 
55-59 ati 1.06 .88 1.36 
60-64 1.32 1.25 1.21 ao 
65 and over 1.28 1.36 1.13 .80 


No significant F ratios 


Values 
Under 50 123} .92 aS eal 
50-54 93 72 .70 Bou 
55-59 14 .94 aD 5 
60-64 91 38 71 .86 
65 and over .85 73 85 2.00 


Sex F(1,404) = 1.04 NS 

Age F(4,404) = 2.71; p < .05 

Child residence F(1,404) = 0.00 NS 
Sex X Age F(4,404) = 6.05; p < .01 
Sex < Child F(1,404) = 3.84; p ~ .05 
Other interactions not significant. 


Table 6-23. Distance between apparent and real self by age, sex and 
work status. 


Male Female 
Working Not working Working Not working 
Under 60 2.55 2.71 2.62 2.45 
60-65 2.91 3.14 2.49 2.69 
Over 65 8223) 3.56 1.92 3.29 





Sex F(1,487) = 7.00 p < .01 

Age F(2,487) = 2.07; NS 

Work F(1,487) = 4.51; p < .05 

Age X Work F(2,487) = 2.35; p < .10 
Other interactions not significant. 
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Table 6-24. Who-Are-You Score by age, sex, and work status. 


Male Female 
Working Not working Working Not working 
Personal background 
Under 60 54 2.00 .88 1.20 
60-65 36 .20 59 .67 
Over 65 59 30 .42 .40 


Sex F(1,490) = 11.63; p < .01 

Age F(2,490) = 1.91 NS 

Work F(1,490) = .92 NS 

Sex < Age F(2,490) = 4.92; p < .01 
Sex X Work F(1,490) = 4.74; p < .05 
Other interactions not significant. 


Personal characteristics 


Under 60 1.07 1ST 1.26 .84 
60-65 1.41 1.60 1.47 .97 
Over 65 1.07 1.30 eos) 1.06 


Sex F(1,490) = 2.33 NS 

Age F(2,490) = .95 NS 

Work F(1,490) = .13 NS 

Sex X Work F(1,490) = 8.33; p < .01 
Other interactions not significant. 


Values 
Under 60 .82 SHA 56 .50 
60-65 .82 .70 -76 .93 
Over 65 1.03 79 .92 -90 


No significant F ratios 


Table 6-25. Distance between apparent and real self by age, sex, and 
children’s residence (working only, parents only). 


Male Female 

Children Children Children Children 

not at home at home not at home at home 
Under 50 1.92 "2.43 3.24 2.62 
50-54 2.45 3.21 2.29 2.49 
55-59 2.30 2.37 2.62 2.61 
60-64 3.03 3.16 2.13 1.38 
65 and over PHT 4.41 1.94 ev 


Sex (15265) = 6.763 p< :01 

Age F(4,265) = .26 NS 

Child residence F(1,265) = .78 NS 
Sex X Age F(4,265) = 5.99; p < .01 
Sex < Child F(1,265) = 5.43; p < .05 
Other interactions not significant. 
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Discussion 


The data presented here have shown the values and limitations of the two 
measures which we have employed in studying the changes in self-concept 
brought on by old age. The most consistent result has been the sex differences 
in the answers to the Who-Are-You question. Women are more likely to 
answer in terms of personal background, such as family relations and demo- 
graphic characteristics, but this emphasis declines after the fifties such that 
in the last age groups, 60 to 64 and 65 and over, there is no difference be- 
tween the sexes in this regard. Correspondingly, personally achieved positions 
and characteristics, as well as personal values, become more important for 
women with age. This development remains constant even if controlled for 
varying experiences, such as retirement and child separation during aging. 

Thus, neither retirement nor separation from children affects the content 
of the self-image as much as the aging process alone. However, the dis- 
crepancy between reality and appearance of the self is influenced by these 
factors. Both crises are important; but separation from children accounts only 
for the effect on women, while retirement or nonworking affects both sexes. 
In general, men have a greater problem with the discrepancy between who 
they feel they are and what they imagine other people think about them. This is 
also true with nonworking members of both sexes. 

During the aging process, women tend to shift self-image from their rela- 
tionship to others, the social characteristics, to their own abilities and feelings; 
the separation from children can be viewed in this way. Freed from family 
obligations, they may feel that they can now much more easily be accepted 
for what they are. Men, on the other hand, are involved in the work role more 
personally, and difficulties with this role through aging may make life even 
more difficult for them. Separation from children may, therefore, aggravate 
this discrepancy, making them more dependent on the work role in which 
they have difficulty in presenting the right image. Hence the increase in self- 
image discrepancy in working men separated from children, while for women 
the discrepancy decreases with age and separation from children. 

Measures of the self-image that can be administered in a relatively simple 
manner to a large sample can show some of the more subtle features of the 
management of crises incumbent on the aged. 
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Perception of Self and the Study of Whole Lives Kurt W. 
Back and Joanna D. Morris 


In biographical or longitudinal studies of human life we are faced with two 
different principles. One is the continuity of a person in the course of his life; 
the fact that we can discern something, call it personality or character, as a 
consistent predictor of a person’s actions. The other is change in a person, 
which derives partly from maturation and aging and partly from certain events 
which happen in the course of his life. In attempting to integrate these two 
ways of looking at people, we are led to look for some mediating mechanism 
which is both constant and flexible. The mechanism should explain how life 
events affect people in general but should also take into account the fact that 
they happen to unique personalities who are able then to integrate them into 
the general course of their lives. 

Finding objective measures of this mediating process is a difficult task. 
One possible approach is phenomenological; it assumes that people, them- 
selves, have some picture of the consistency of their personalities or of their 
own selves. We attempt here to present some measures of this kind and to 
evaluate them according to their sensitivity to changes in the life courses of 
the persons concerned. While it is likely that there are differences between 
individuals in the definiteness of their pictures of themselves, we shall assume 
that everybody has at least some vague idea of his own self, even if he cannot 
express it very well. Individuals visualize or verbalize themselves in different 
ways, and therefore different measures might be appropriate to different peo- 
ple, and it might be hard to find any measure which is equally relevant to 
everyone. 

In the present study we tried out several ways of assessing a self-image 
of this kind. Some of them have been described already in my two previous 
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papers in this volume. We were able to assess changes on these measures in a 
reinterview two years after the initial interview and to relate them to certain 
relevant events in the persons’ lives. We were able to compare the effects of 
general development and aging with those of specific events in occupational 
and family life. 


Method 


The data were collected from a sample of middle-aged and older people 
in Durham, North Carolina. The composition of the sample and the method of 
data collection are described elsewhere in this volume. Since the study was 
conducted as a panel, data are available from two interviews taken two years 
apart. We will here be concerned mainly with changes of two kinds: changes 
in the respondents’ background characteristics, especially work participation, 
and changes in relationships with their children. These are significant events 
in the aging process which had happened to the respondents during the two 
years. Differences in scores on the self-image measures can then be taken as 
changes in relevant aspects of the self-image. Of course it is possible that 
some of the changes are simply a consequence of unreliability in the re- 
interview. The unreliability portion of the change can be considered, however, 
to be a random kind of occurrence; systematic relationships are unlikely to be 
due to simple interviewing error. 


Life Conditions 


Seven variables were assessed. They were change in labor force status 
(working or nonworking), change in job level, change in spouse’s labor force 
status, change in spouse’s job level, change in income, change in whether any 
children were living at home, and change in number of children living at 
home. Thus five variables were related to work activity and two to relation- 
ships with children in the family. 


Self-Image 


Fourteen variables were used as measures of self-image. They were de- 
rived from four different questionnaires. The first questionnaire used the 
semantic differential technique and comprised seven scales describing each 
of three concepts. The seven scales were grouped together to form three 
measures. The first, consisting of three scales, was called involvement; the 
second, also consisting of three scales, was called optimism; and the third, 
consisting of only one scale, was called freedom (Back, pp. 206-216 in this 
volume, and Back and Guptill, 1966). The three concepts were “What I 
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” 


really am,” “What I would like to be,” and “How I appear to others.” For 
purposes of the present study the involvement, optimism, and freedom scores 
for “What I really am” were used. In addition, the Euclidean distance be- 
tween all pairs of the three concepts, using all seven dimensions, was com- 
puted. This yielded three distance scores (Really am-—Like, Really am— 
Appear, and Like—Appear). Thus six measures were derived from the 
semantic differential. 

The second set of questions used items from Rotter’s I-E Scale (Jessor, 
1968). It yielded one measure: the score of internal versus external locus of 
control. 

The third set of questions was the Knapp Time Death Metaphors which 
was discussed in a previous paper (Back, pp. 201-207 in this volume, and 
Knapp, 1960). The responses of the panel on the first interview had been 
factor-analyzed. This time, using the combined data from both interviews, 
new factor analyses were done which yielded a slightly different factor struc- 
ture. The last two factors of the previous analysis (“active-passive” and 
“desolate nature”), which were based on very few items, were discarded, and 
three of the other four factors were somewhat changed. In the “harlequin” 
factor the item “a dark lake,” which had the lowest loading, was eliminated 
and “a hothouse full of lilies’ was added. This, the most important factor, 
indicated a positive attitude toward death—the “demon lover” myth. The 
“need achievement” factor stayed the same. In the “death as personal attack 
against impersonal nature” factor, two items with the lowest loadings, “silent 
birds” and “an infinite ocean,” were eliminated and “the end of a song” was 
added. In the fourth factor, “speed,” three items (“a speeding train,” “a jet 
in flight,” and “a tedious song”) were eliminated. The meaning of the factors 
was not substantially changed by the substitutions. Scores on these four 
factors constituted four more measures of self-image. 

The final three measures were taken from the life graph (Back and 
Bourque, 1970; Bourque and Back, 1969). This technique consists of pre- 
senting the subject with a two-dimensional grid and telling him that the hori- 
zontal line corresponds to his life (assuming that he will reach 80 years). The 
line is marked off at 10-year intervals. The subject is asked to draw a line 
representing his life, showing the ups and downs. No further definition is 
given, in order to allow the subject to give his own definition of what is im- 
portant in producing the ups and downs. In interpreting the graph, one can 
look at the general shape of the line or at its relative height above baseline 
for different age ranges. Three measures were taken in the present study. The 
first was based on the general shape of the graph and consisted of the standard 
deviation of the height of the graph at 15 five-year intervals between 10 and 
80. This shows the amount of variability or flatness of the subject’s view of his 
whole life. The second was the subjective estimation of the peak of one’s life: 
the age at which the line was highest. The third was the relative height of the 
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older ages (from 60 to 80), standardized for average height and standard 
deviation. 


Results 


Two preliminary analyses were performed before assessing the effect of 
different life events on the self-image. The first question was “Is there any 
underlying dimension of the self-image which would tap the measures used to 
different degrees?” Therefore, factor analyses were performed on the 14 
measures for the first wave, the second wave, and the change scores from the 
first to the second wave. All three analyses gave the same result, namely that 
there was no factor which went across measures. Each factor extracted 
represented only measures taken from the same instrument, such as the 
Semantic Differential, Life Graph, or Knapp Metaphors. Thus it seems that 
each of the measures taps a different kind of aspect of looking at the self, 
which may be related to different ways people have of verbalizing or visu- 
alizing themselves. 

A second preliminary check was made to see whether there was a con- 
sistent change in the 14 self-image measures due simply to age. There were 
no consistent changes between the first and second wave data, reflecting pure 
age change, and those that occurred were insignificant. In fact, the critical 
ratios of mean change to standard deviation of change were all much less 
than 1. 

Since few of the seven possible demographic changes occurred in the 
relatively short time of two years, it will be better to compare the respondents 
who experienced any changes at all with those who did not experience any 
changes. Thus summary measures can be constructed by counting the num- 
bers of changes in background items from the first to the second interview. 
All changes mentioned are statistically significant at the five percent level or 
better. 

Among the types of measures of self-image we used, the semantic dif- 
ferential measures proved to be the most sensitive. Of those, the involvement 
index is the most important measure. When sex is controlled, involvement 
decreases with changed status in men, but the opposite occurs in women. 
Thus changes tend to raise the involvement level in women. The life graph 
becomes flatter (decreased standard deviation) when negative changes oc- 
cur (i.e., loss of job, lowering of job status) but becomes less flat with 
positive change or no change. If we consider any change at all (positive as 
well as negative), the score on the harlequin factor increases with change. If 
we distinguish positive and negative change, we find that age is an important 
discriminating variable. For all the respondents 60 and older the harlequin 
score increased with changes for the better, while younger respondents’ 
scores increased with changes for the worse. 
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When life events are looked at individually, the measures discussed above 
are again relevant. Involvement as well as optimism ratings decreased or 
showed little change with lowering of one’s own or spouse’s job status and 
optimism showed little change with loss of income. Both involvement and 
optimism increased substantially, however, with no change or positive change 
in these life events. Lowered job status was also associated with a flatter life 
graph, higher score on the harlequin factor, and more external locus of control 
on the I-E scale. An increase in job status was associated with a relatively 
higher life graph in the older age range. Another measure, the discrepancy be- 
tween real and apparent self, seems to be less consistent. This discrepancy 
increases for men who acquire a job, but decreases for women who do so, and 
also increases with improvement in the spouse’s job status and decreases with 
an increase in number of children in the home. It is hard to see, therefore, 
whether this discrepancy is a positive or negative indicator of the self-image. 
Finally, changes in the two measures associated with the respondent’s children 
do not seem to relate to the self-image variables as much as do changes in the 
job-status measures. 


Discussion 


The tentative results presented here confirm other research and also give 
some indications of the ways in which life events become important in mold- 
ing and interacting with the self-image (pp. 207—216 in this volume). Change 
in One’s Own or spouse’s job status becomes an important factor in changing 
self-image while relationship to one’s children does not. We can speculate 
that changes in the family life cycle have already been anticipated and thus 
do not affect the long-range view held of one’s self. Although one can also 
expect changes in job status with aging, they apparently still affect the person 
when they actually arrive, especially if one’s image in the eyes of the world is 
pretty much dependent on one’s job title. One might easily feel that the dif- 
ference between what one is and what one appears does change when one’s 
job title changes. 

It is also striking how little these changes are dependent on age. General 
changes with age were not found, and controlling for age did not help much in 
understanding the relationships of the other measures. The only place where 
age was important was in the harlequin factor of the Knapp Metaphors. This 
factor, which indicates an acceptance of death and implies a positive evalua- 
tion of it, mirrors changes in life events differently depending on how old the 
respondent is. 

On the other hand, sex differences were important in the change in self- 
image. Males acted according to the expectation that changes associated with 
aging would be disturbing. Female respondents, however, seem to be some- 
times even stimulated by these events and their changes in self-image fre- 
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quently go in the opposite direction to those of men. These differential 
changes correspond to sex differences in the measures in general, women show- 
ing more increase in score on the Harlequin factor (see pp. 205-206) and on 
the optimism scale of the semantic differential. Women seem to be better 
adapted than men to changes in the rhythm of life. 

Finally, it is surprising how well the semantic differential is able to re- 
flect life changes. It is, for this purpose, probably a better instrument than 
most of the other measures. It is the most direct measure, because the person 
is really asked how he evaluates himself. It seems here that the direct ques- 
tion is the most fruitful one, especially for a large group of people. The other 
more indirect measures of self-image may capture different facets of the 
personality and might be better for intensive individual studies, but the direct 
question “What do you feel about yourself?” is most easily answered by most 
people. 
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Achievement and the Self-concept in Middle Age Linda M. 
Breytspraak 


Among sociologists (especially the symbolic interactionists) the self- 
concept is believed to develop in a fundamentally social context—that is, it is 
integrally tied to—and emerges out of—one’s various roles in the social world. 
One’s social roles are important, for they provide one with a set of significant 
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others whose real and perceived evaluations of one’s self are taken quite 
seriously. 

Ralph Turner (1968) and Erik Erikson (1959) both add to this com- 
mon sociological understanding of the self-concept by their suggestions that 
the self-concept is not totally manipulated by the reactions of other social 
actors. Turner concludes that there is also a more stable component of the 
self-concept which is based on the feelings one has about his capabilities and 
potential for desired accomplishments. Erikson states a similar position in his 
argument that the identity (which is one’s own variant on the way others 
master experience) is formed not only by the sum of one’s identifications 
with others, but also by the ego which is a “central organizing agency” that 
edits these identifications. 

In line with these views of the self-concept, it is argued, for analytic pur- 
poses, that we can talk about both a cognitive and affective dimension to the 
self-concept—that is, we have perceptions of where we stand in our social 
worlds in relation to where we wish to be (cognitive dimension), yet we also 
have varying degrees of positive or negative self-feelings about our standing 
(affective dimension). These feelings may very well be tied to our sense of 
capability for future achievement and evaluations of past achievements. 

Buhler (1968), Frenkel-Brunswick (1968), Neugarten (1968), Butler 
(1968), and Erikson (1959) have all observed that most individuals under- 
go a period of serious self-examination, self-assessment, and life review in the 
middle and later years. Erikson’s formulation of the eighth and final life crisis 
of ego integrity versus despair is one of the more articulate statements of this 
view. It is at this stage that the person comes to grips with whether he can 
accept the appropriateness and meaningfulness of his life. 

It appears quite understandable that a person comes to such a point of 
review and assessment of achievements in late middle age. According to 
Kuhlen (1968), motivational changes usually occur during these years. 
Strong career and achievement drives may drop off as the society frustrates 
the individual by no longer rewarding such drives. Neugarten (1968, 1972) 
comments that we each seem to have a sense of “social time clocks” operating 
in various areas of our lives, and we also have a sense of our own timing in 
family and occupational events as “early,” “late,” or “‘on time.” Hence, social 
expectations about age-appropriate behavior can act as prods or brakes on 
motivations. The research of Atkinson (1957) is also suggestive of the 
idea that motivation to work and achieve decreases when a person becomes 
satiated with success. He demonstrated experimentally that motivation to 
achieve is strongest when the uncertainty regarding the outcome is greatest 
(i.e., probability of success or failure = .50). Hence, a person’s motivation 
to achieve may decline as the probability of success approaches 1.00. 

In spite of the widely accepted position that there are motivational 
changes along with serious self-assessment of one’s accomplishments through- 
out the lifetime, there appears to be little published research in gerontology 
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looking directly to the interconnections of the various facets of achievement 
and the self-concept. This research was begun in an effort to explore some of 
these dimensions in middle- and older-aged people. The central question un- 
der investigation was whether differences in cognitive and affective dimensions 
of the self-concept could be partially accounted for by differences in orienta- 
tion toward achievement, in the extent of previous achievements, and in pos- 
sibilities for yet achieving (assuming that many people will not have yet 
undergone the shift in motivation of which Kuhlen and Neugarten speak). 


Methodology 


Sample 


The sample under study was composed of 502 white men and women be- 
tween the ages of 45 and 71 who were considered representative of the 
“middle mass” of middle- and older-aged persons in Durham, North Carolina. 
Subjects were a random sample of policy holders with a major insurance 
underwriter with industrial and governmental, as well as individual coverage. 
The study is ultimately to be longitudinal in nature; however, this particular 
analysis is cross-sectional in that it focuses on subjects only at the time of first 
interview. 


Measurement of Self-Concept 


A dual measure of self-concept was utilized in line with the view that the 
self-concept can be viewed as having both a cognitive and an affective com- 
ponent. The cognitive component was measured by a semantic differential 
score (Osgood et al., 1957). Subjects were presented with seven bipolar ad- 
jective scales and asked to rate themselves from one to seven on each scale 
with reference to the concepts of “What I really am” and “What I would like 
to be.”* The overall semantic differential score is computed by the difference 
formula suggested by Osgood which is the square root of the sums of the 
squared differences of all seven scales with reference to each concept. (This 
will be referred to as the “actual-ideal discrepancy.” )? 


1, Busy-inactive; useless—useful; effective-ineffective; respected—not respected; 
satisfied with life—unsatisfied with life; look to the future—look to the past; free to do 
things—not free to do things. 

2. Intercorrelation analyses of the seven adjective pairs in each scale indicated 
that there were higher correlations among the scales “busy,” “useful,” and “effective” 
(summarized as the activity factor) and among the scales “respected,” “satisfied with 
life,’ and “look to the future” (summarized as the optimism factor). One remaining 
scale, “free to do things,” did not correlate highly with other scales, and is labeled as 
the autonomy factor. These are the same factors found in most applications of the 
semantic differential technique (Osgood and Suci, 1955). 
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The affective component of the self-concept was measured by a shortened 
form of Bradburn and Caplovitz’s (1965; 1969) Affect Balance Scale (ABS). 
This scale taps the general balance of positive and negative feelings one has 
about the way his life is going. The items are as follows: 

How often during the last week did you feel— 


On top of the world? 

Very lonely or remote from other people? 

Particularly excited or interested in something? 

Depressed or very unhappy? 

Pleased about having accomplished something? 

Bored? 

Proud because someone complimented you on something? 
So restless you couldn’t sit long in a chair? 


MAb WN 


COR WEN 


Responses were coded 0, 1, or 2 according to whether the person indicated he 
had these feelings “not at all,” “once,” or “several times.” Although these 
-items do not cover every dimension of affect, Bradburn and Caplovitz found 


Actual-ideal discrepancy 
High 


Low 
Conventional Unconventional 
Unconventional Conventional 


them to be representative of one’s total affective picture. Scores are calculated 
by taking the total of the positive affect items (nos. 1, 3, 5, and 7) and sub- 
tracting from it the total of the negative items (nos. 2, 4, 6, and 8). Scores 
can (and do) range between —8 and +8. 

The logic of using both the Semantic Differential and the Affect Balance 
Scale in describing the self-concept is reinforced by Ruth Wiley’s (1961) ob- 
servation that high or low actual-ideal discrepancies may take on different 
meanings to people in different life situations. For instance, a high discrepancy 
might be more disturbing when the person feels he has few resources and 
capabilities for achieving what he aspires to achieve than it would be if he 
does have these resources—or if he feels that he already has considerable ac- 
complishments. The Affect Balance Scale should provide a corrective by also 
giving a picture of one’s general level of affect or “happiness.” Hence, four 
self-concept types emerge for analytical purposes (see Figure 6-1). 

Two of these could be considered the conventional or expected relationship 
between discrepancy and affect (i.e., high discrepancy with negative affect 
balance, and low discrepancy with positive affect balance). The remaining two 
types appear to be less obviously interpretable (i.e., high discrepancy with 







Negative 


ABS 





Positive 


Figure 6—1. Four self-concept types. 
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positive affect, or low discrepancy with negative affect). The subjects were 
typed according to whether their discrepancy score was above or below the 
median and their ABS score was balanced on the negative or positive side. 


Mode of Analysis 


The technique for analysis was a stepwise multiple discriminant function 
analysis that allows for the combination of multiple variables into a linear 
function that will best discriminate between a priori groups. The major ad- 
vantage of this technique is that a number of variables can be considered 
simultaneously and their covariances taken into account (Anderson, 1966; 
Overall and Klett, 1972). Whereas a certain predictor variable might not ap- 
pear significant in a univariate analysis, it might become significant when con- 
sidered together with other predictors and covariances are taken into account. 
Conversely, variables that are significant by themselves in distinguishing be- 
tween groups may become insignificant when other variables are considered 
simultaneously. 


The Predictor Variables 


In the case of the analysis reported here, the a priori groups were the four 
self-concept types, and the predictors were fifteen variables relating to achieve- 
ment. (In the analysis of males and females together, sex was included 
as a sixteenth variable.) The achievement variables were of several types. 
First, there were those that could be considered indicative of one’s overall 
position and success: education in years, income, occupation, and occupa- 
tional mobility from first to last occupation. Occupation was coded using 
Duncan’s socioeconomic index for occupations. An occupational mobility 
score was computed by subtracting Duncan’s coded score on the first occupa- 
tion from the score on the most recent occupation. 

Second, there were those which give various kinds of indication of one’s 
desires to achieve and strive: Rosen’s (1959) achievement value scale and 
the Tausky and Dubin (1965) career-orientation anchorage scale. The 
achievement value score is derived from seven statements with which subjects 
must agree or disagree. A score of seven describes those who value achieve- 
ment the most strongly. 

The career-orientation anchorage scale was originally composed of six 
pairs of statements where the subject agreed with one alternative. The scale 
was reduced to four parts of items in this study since two of the pairs proved 
to be redundant in this sample. A score of four indicates that career anchorage 
is directed toward future accomplishments, and a score of zero represents 
anchorage at the beginning of a career (i.e., the person prefers to look at how 
far he has come over how far he has yet to go). 
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Third, there were those variables which have to do with one’s potential 
for yet doing what must be done to meet life’s goals: self-perception of health, 
age, several types of activity involvement, internal-external locus of control 
(Rotter, 1966), and feelings about time scarcity. To determine self-perception 
of health the self-anchoring ladder technique was utilized (Cantril, 1965). 
Subjects were asked to imagine that the top of the ladder represents perfect 
health and the bottom represents the most serious illness. Then they were 
asked where on the ladder their health is at the present time. Scores ranged 
from a low of zero to a high of nine. 

Four measures of activity were utilized: (a) Productive activity refers to 
the number of hours in a week spent at a job, volunteer work, and home 
maintenance activities. Scores originally ranged from 0 to 87, but were trans- 
formed into deciles. (b) Organizational activity is the number of meetings 
(religious, club, union, or association) attended per month (range is 0 to 18). 
(c) Social contacts are the number of times per month one has contacts with 
close relatives, friends, neighbors, a confidant, or contacts with others through 
religious services, club, union, or association meetings (range is 0 to 120, but 
these were transformed into deciles). (d) Social activity is the number of 
hours per week spent at sports or hobbies, watching sports events in person, 
attending church or other meetings, doing volunteer work, visiting or tele- 
phoning friends and relatives, eating out, and entertaining (range is 0 to 63). 

Internal-external locus of control was a score ranging from zero to eleven. 
Subjects were asked to agree with one or the other of eleven pairs of state- 
ments where one statement reflected a sense of internal control and the other 
a sense of external control. The higher the score the more external the locus 
of control. 

Two questions pertaining to time scarcity were asked. One question used 
a week and the other life as the referent for one’s feeling that he had more 
than enough, enough, or less than enough time to accomplish what he wished 
to do in that period of time. A score of three corresponded to having less than 
enough time, and a score of one to having more than enough. 

The analyses reported here were performed on 296 of the 501 subjects. 
Those who fell in the middle ranges of both the discrepancy and ABS scores 
were deleted, as they would have served to blur the significance of the dis- 
criminating variables. 


Results 


Of the sixteen predictor variables the most significant discriminators for 
males and females together are (1) education, (2) health, (3) internal- 
external locus of control, (4) achievement value, and (5) occupational mo- 
bility. 
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Table 6-26. Multiple discriminant function analyses for 296 males and 


females.“ 


Variable entered 


Education 

Health 

Internal-external 
control 

Achievement value 

Occupational mobility 

Social contacts 

Occupation 

Time scarcity (week) 


Income 


Social activity 


Time scarcity (life) 


Sex 


Organizational 


activity 
Age 


Productive activity 


Career anchorage 


Fatentry Approximate F 


SHO 
Sore = 


A Ties 
2.45* 
aie 


39 
1.24 
1.46 
OH 
.89 
89 
29 


-30 
-26 
239) 
10 


9.06 
7.34 


6.28 
5.33 
4.71 
4.16 
S315 
3.46 
3.18 
2.95 
2.76 
DES) 


2.37 
2.21 
2.08 
1.96 


Percent 
correctly grouped 


25.0 
35.8 


37.9 
38.9 
40.0 
37.9 
40.2 
41.6 
40.9 
39/5 
41.6 
42.9 


43.9 
43.9 
42.9 
43.9 


4 The variables are listed in the order in which they appeared in the stepwise 
discriminant function. “Fat entry” refers to the F value for the variable at its entry 
into the function. ‘Approximate F”’ tests the equality of the group means for each 


variable. 


** Significant at < .O1 level. 
* Significant at < .10 level. 


The sixteen predictor variables together lead to 44 percent of the subjects 
being correctly placed in their groups (compared to 25 percent by chance). 
Looking at the patterning of these variables for each of the four self-concept 
types, the following characterization of each group emerges: 


Table 6-27. Mean values of first six variables entered in discriminant function 


analysis, by self-concept type (males and females). 


Variable 


Education 

Health 

Internal-external 
control 

Achievement value 

Occupational mobility 

Social contacts 


High 


discrepancy 
negative ABS 


12.00 
6.38 


5.11 
4.68 
8.17 
3.94 


(N = 53) 


Low 


discrepancy 
positive ABS 


11.73 


(N = 127) 


Teil 


3.90 
4.46 
4.60 
4.57 


discrepancy 


High 


Low 
discrepancy 


positive ABS negative ABS 


(N = 92) 


12.78 
6.59 


4.26 
4.96 
4.04 
4.60 


8.25 
5.91 


4.17 
3.46 
5:33 
4.00 


(N = 24) 
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Conventional types. The subjects having a high discrepancy and negative 
ABS are relatively oriented toward achievement, have a higher than average 
education, and have experienced the most occupational mobility of any group. 
Yet health is perceived to be lower than two of the other groups, and these 
subjects perceived themselves as the most externally controlled of any group. 
Social contacts are also low. Hence, the subjects in this group have high 
aspirations and accomplishments, but they perceive themselves as having 
certain kinds of blockages to further desired attainments. 

The other conventional pattern is the group with low discrepancy and 
positive affect. The individuals making up this group seem to have been able 
to meet the goals they have set for themselves. Educational attainments and 
achievement values are not as great as in the first two groups, but these in- 
dividuals are well equipped with the resources to achieve what they wish to— 
excellent health, the second largest number of social contacts of any group, 
and a feeling of internal control. 

Unconventional types. The unconventional types present an especially 
interesting picture. Those who experience a high discrepancy with a positive 
ABS score value achievement the most of any of the groups, suggesting that 
they have set high goals for themselves. Occupational mobility achieved, how- 
ever, is comparatively low, perhaps suggesting a reason for the higher dis- 
crepancy between actual and ideal self. Yet the subjects in this group also 
seem to have more resources for doing well in the social environment—the 
highest education of any group, relatively high self-perception of health, and 
a high level of social contacts. They fall in the middle ranges of the internal- 
external control dimension. In essence, these persons seem not yet to be in 
the position that they would ideally like to be, but affect remains positive be- 
cause chances for success at their goals still look good. 

The individuals who experience both a low discrepancy and negative 
affect seem to be in an almost anomic state. Their aspirations seem to be 
extremely low, and they also have relatively fewer resources than any other 
group. Achievement values are the lowest of any group, although this may be 
related to the fact that education is also very low (M = 8.25 years). Health is 
the lowest and social contact the second lowest of any group. Also the in- 
come factor did not appear significant in the overall discriminant function 
analysis, but did seem to differentiate this group from the other three ($5,500 
compared to incomes in the $9,000 range in the others). In essence, this 
group seems to have very few aspirations and also little in the way of re- 
sources for living comfortably. Strangely enough, these subjects are more 
internal in their sense of control—perhaps suggesting that self-blame is a 
factor in the low Affect Balance Score. 

When females and males are analyzed separately, the order of entry into 
the discrimination is different. Education is the most important predictor for 
males, yet it has little significance for females. Health is the most important 
for females, yet it takes fourth position for males. The discriminators for 
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Table 6-28. Multiple discriminant function analyses for 141 males. 


Percent 

Variable entered Fatentry Approximate F correctly grouped 
Education ss oas 5.38 32.6 
Internal-external 

control 2.84** 4.07 29.1 
Occupational mobility 2.95** 3.71 34.0 
Health DAS s 3.41 43.3 
Time scarcity (life) DOS Fm 3.34 50.4 
Age 2.40* 3.21 48.2 
Achievement value 1.96 3.04 53.2 
Income 1.86 2.91 58.2 
Social contacts 1.18 De 55.3 
Social activity eS) 2.56 54.7 
Career anchorage 1.00 2.42 56.0 
Occupation aril DDT, 53.9 
Time scarcity (week) .36 Pel 52.5 
Productive activity .26 197, D2 
Organizational 

activity 2. 1.83 51.8 


*** Significant at < .01 level. 

** Significant at < .05 level. 

* Significant at < .10 level. 
males, taken together, represent more tangible measures of success-education, 
occupational mobility, and income, along with the perceptual variables of 
locus of control, health, and achievement value. Age is also important, 
whereas it has no significance for females. For females, after health, achieve- 


Table 6-29. Multiple discriminant function analyses for 154 females. 


Percent 

Variable entered Fatentry Approximate F correctly grouped 
Health S652 57 5.65 29.2 
Achievement value 3:03 ee" 4.31 34.4 
Social activity 1.39 3.32 35:7 
Time scarcity (week) 125) 2.80 37.0 
Productive activity 125 2.49 39.6 
Social contacts 1.18 2.27 40.3 
Career anchorage es 2.11 41.6 
Income 1.20 2.00 39.6 
Internal-external 

control 1.04 1.89 46.8 
Occupation .76 1.78 44.2 
Occupational mobility .61 1.67 42.9 
Organizational 

activity .67 1.58 44.8 
Education .48 1.49 43.5 
Age .34 1.40 43.5 
Time scarcity (life) 10 1.30 44.8 


*** Significant at < .01 level. 
** Significant at < .05 level. 
* Significant at < .10 level. 
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ment value is most important, followed by several activity variables. This may 
suggest that female resources can be viewed more in terms of health and op- 
portunities for activity. 

When males are analyzed separately and all fifteen predictor variables 
are considered, 51.8 percent of the males are correctly discriminated into 
their a priori self-concept type. However, the last seven variables appear to 
suppress correct discrimination, as 58.2 percent of the subjects are correctly 
discriminated at the time the eighth variable (income) is entered into the 
analysis. When females are analyzed separately, there is no gain in the percent 
correctly grouped (45). 


Conclusions 


To summarize, the implication of these findings seems to be the following: 
variables measuring achievement, orientation to achievement, and resources 
relating to possibilities for future achievement do seem to discriminate sub- 
jects into four self-concept types substantially better than would occur by 
chance. When males are analyzed separately the percent correctly discrimi- 
nated is even greater. The most significant discriminating variables seem to 
form a pattern in relation to each self-concept type. Those with a high dis- 
crepancy and negative affect pattern yield a picture of persons with high 
aspirations, but few resources to attain them, while those with a low dis- 
crepancy and positive affect have only moderate aspirations and are well- 
equipped with resources to fulfill them. Those who have a high discrepancy 
and positive affect have high unmet aspirations, but also indicate important 
resources present for meeting goals, while those with a low discrepancy and 
negative affect have few goals and few resources. 

Even though about half the subjects are left incorrectly placed by this 
analysis, the potential importance of looking at dimensions of achievement 
in relation to the self-concept is indicated. It is suggested that these factors 
might be taken into consideration in dealing with some of the inconsistencies 
and unexplained cases encountered in the controversy between the activity 
and disengagement theories of aging. 
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Chapter 7. Leisure and Sexual Behavior 


While leisure time generally increases with age, sexual activity generally 
decreases. This chapter contains three reports which deal with factors as- 
sociated with these two opposite changes. The report on leisure finds that 
those in the Adaptation Study were more work oriented than leisure oriented, 
and the men in the 66-71 year age category seem to experience the most 
difficulty with unwanted leisure. Women, on the other hand, seem to ex- 
perience more difficulty between the ages of 46-55 when they complain most 
of having too little leisure time. 

The study of sexual behavior in middle life found that while there was an 
overall pattern of decline in interest and activity with advancing age, sex still 
continued to play an important role in the lives of most of the men and the 
majority of the women. The third article reports that sexual activity and in- 
terest among men is influenced mainly by past sexual experience, age, health 
factors, and social class; whereas women are more influenced by marital 
status, in addition to age and past enjoyment of sexual activity. The authors 
suggest that much of the decline in sexual interest among aging women is not 
physiologically based but is rather a defense against their lack of opportunity 
for sexual fulfillment. 


The Use of Leisure Time in Middle Life Eric Pfeiffer and 
Glenn C. Davis 


Historically the use of leisure time has been the subject of scientific and 
philosophical discourse only at certain times and under special circumstances. 
Thus in the ancient world the use of one’s free time was a matter of concern 
only to those who had free time and plenty of it; then only in times of peace 
or relative peace, that is, times in which wars were fought, but fought far from 
the hearth of the leisured. Then the question regarding leisure was somewhat 
as follows: How should a man of intellect and vision apply his time and effort 
toward his own and his fellow man’s improvement, elevation, and ennoble- 
ment? 

More recently, particularly in the twentieth century, an entirely new con- 
cern with regard to leisure time has become evident. Technological, economic, 
social, and political events have conspired to create unwanted leisure. Indi- 
viduals previously unaccustomed to the luxury of free time have had free time 
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thrust upon them. No longer was leisure regarded only as an opportunity for 
the elite, but also a potential problem, even a catastrophe, for the nonelite. 
A case in point was the widespread unemployment during the depression of 
the 1920s and the 1930s, particularly severe in the United States. Another is 
the current dilemma of the ever-increasing number of aged but still able 
individuals involuntarily retired from their work. 

It is not our intention in this paper to systematically and critically review 
the considerable body of literature on leisure. The earlier studies referred to 
in this paper are cited only to give an indication of general directions taken by 
previous investigators. Any detailed discussion of their research methods and 
strategies of analysis is beyond the scope of the present communication, al- 
though the desirability of undertaking such a task is acknowledged. 

It is of interest, then, to point out that each of the events cited above (the 
Great Depression, and the more recent expansion of the number of elderly ) 
gave rise to a wave of scientific as well as popular studies of the uses and 
abuses of free time. Thus the studies of Lundberg, Komarovsky, and Mc- 
Inerny (1934) as well as those of Lynd and Lynd (1929, 1937) pioneered a 
systematic approach to leisure behavior. In their study of Westchester County, 
Lundberg et al. were the first to use time logs which detailed actual daily 
activities. These scientific studies contrast sharply with the popular literature 
of that time. The latter authors (Aiken, 1931; Cutten, 1926, 1933) saw 
leisure as a potential danger to the society, threatening to undermine the 
work ethic and thereby the entire fabric of the society. 

In the 1950s and 1960s gerontologists concerned themselves with the 
problems created by the empty postretirement years. Michelon (1954) and 
Bell (1967) sought out the elderly in nursing homes and in trailer parks and 
studied social involvement in those communities. Clarke (1956) and White 
(1955) attempted to find determinants of leisure behavior in social class or 
occupational prestige. Kaplan (1960) studied the relationship between the 
value placed on leisure and job roles and job satisfaction. Kleemeier’s (1961) 
edited volume provided a good summary of research on leisure in aging popu- 
lations up to that time, and Meyersohn (1969) has recently published an 
important bibliography of the sociological literature on leisure up to 1965. 
DeGrazia (1964), Huizinga (1950), Larrabee and Meyersohn (1958), and 
Martin (1967) have published valuable treatises on leisure geared more to 
the general reader than to the research investigator. 

The single most important force in the field of social gerontology and 
leisure in the last two decades has been Havighurst. In a series of studies 
(Havighurst 1954, 1957, 1961; Havighurst and DeVries, 1969) he and his 
associates focused attention not only on how people occupied their unobli- 
gated time but also on social and personality determinants of leisure be- 
havior. Havighurst’s 1957 study is of particular relevance to our own because 
it specifically dealt with leisure activities in middle life. Havighurst analyzed 
interviews with 124 women and 110 men aged 40 to 70 regarding the ques- 
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tion of the subjects’ two most favored leisure activities. He classified his 
subjects’ activities into 11 content categories (e.g., participation in sports) 
and also rated each activity along 19 significance scales (e.g., enjoyment 
versus time-killer). He then examined the relationship between content 
categories and significance variables and between each of these and several 
important social and personality variables including sex, age, social class, 
personal adjustment, and social mobility. His most important conclusions 
were that even though content of leisure activity was most closely related 
to sex and social class, the significance of the activity to the individual was 
most closely related to personality factors. He also pointed out that differing 
leisure activities might have the same personal significance and that therefore 
an analysis of both type of leisure activity and meaningfulness of that activity 
was indicated. 

Recently the Gerontological Society (1969) issued a report on research 
and development goals in social gerontology in which leisure was given 
prominent attention. The report suggests that research is needed on “repre- 
sentative samples of persons from middle age through extreme old age” in 
regard to their over-all life styles and with special reference to “the accommo- 
dation of free time within a life style;” research is needed on how people cur- 
rently use their vacation; on how they mix work and recreation; and on how 
they make the transition from work to leisure. 

The present study, although not directly influenced by the above report, 
lies within the outlines of the kind of research suggested by that report. In 
regard to leisure activities we were not so much concerned with questions such 
as “What should people do?” or “What should people not do?” but rather 
“What is it you actually do with your free time?” And while we are par- 
ticularly interested in how the aged allocate their time, we are convinced that 
the behavior of old age cannot be understood without also examining its 
antecedents in middle age. 


Subjects and Methods 


Subjects for this study are 261 men and 241 women, aged 46 to 71 at the 
time of their examination. 

Of the men, 98 percent were married, 1 percent was widowed, and 1 per- 
cent had never married. By contrast, only 71 percent of the women were mar- 
ried and living with their spouses, 18 percent were widowed, 5 percent had 
never married, and 6 percent were separated or divorced. Of the men, 81 
percent were either employed or engaged in business, while only 49 percent of 
the women were employed (Table 7-1). 

The data on leisure behavior were gathered by a trained interviewer as 
part of the social history. The interview dealt with three categories of leisure 
behavior: (a) a diarylike assessment of how time is typically spent by the 
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Table 7-1. “Do you have a job or business 
at the present time?” (paid employment). 


Men (N = 261) No (%) Yes (%) 
46-71 19 81 
46-50 5 95 
51-55 5 95 
56-60 5 95 
61-65 19 81 
66-71 53 47 

Women (N = 241) 

46-71 51 49 
46-50 30 70 
51-55 29 71 
55-60 38 62 
61-65 64 36 
66-71 80 20 


subject, (b) an assessment of vacation behavior, (c) attitudes toward and 
satisfactions derived from leisure activities. 

All the results in the present communication are cross-sectional only. As 
such they do not indicate how individuals change over time. They only indi- 
cate how groups of persons of a given chronological age function in com- 
parsion with groups of persons of a different age. However, the study is so 
designed that longitudinal data will become available eventually. Longitudinal 
as well as cross-sequential analyses, as described by Schaie and Strother 
(1968), can then be carried out. 


Results 


As indicated, the first series of questions sought to establish how much 
time subjects spent in a variety of activities during a typical week. Activities 
for which time estimates were obtained included work (including travel to 
work), subsistence time (eating, personal care), and a variety of free-time or 
recreational activities. 


Total Amount of Time Accounted For 


This diary-like accounting of time usage permitted an analysis of the total 
number of hours accounted for in a given week. There are 168 hours in a 
week. Assuming an average of 8 hours of sleep per day, there remain 112 wak- 
ing hours to be accounted for. Subjects on average were able to account for 
96 hours per week, leaving only 16 hours per week, or roughly 2 hours per 
day, unaccounted for. The number of hours accounted for per week varied 
widely between individuals, ranging from a low of 48 to a high of 151 hours 
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(SD = 19 hours). Perhaps not surprisingly, individuals who were employed 
generally were able to account for a larger number of hours than nonworking 
subjects (100 hours for employed men and women, but only 82 hours for non- 
employed men and 92 hours for nonemployed women). 

Table 7—2 presents the mean number of hours spent per week by men and 
women on a variety of activities. Several of these deserve special comment. 
Work, including work-related travel, accounts for the largest single number 
of hours, 36.8 hours per week for men and 34.5 hours per week for women. 
This finding, while obviously expected, is the first piece of evidence toward 
a thesis which will be developed throughout this paper, that ours is a largely 
work oriented, not a leisure oriented, culture. 


Table 7-2. Mean hours spent/ week. 


Activity Men Women 
Eating 9.8 9.8 
Personal care eh 8.4 
Working 36.8 34.5 
TV 11.6 13.2 
Reading 8.3 9.0 
Sport hobby 3.9 3.4 
Sport in person 0.6 0.3 
Church and meetings DS 2.9 
Volunteer work 0.7 le 
Socializing 4.8 Die 
Activity around house S37, 3.6 
Other (specified) 0.7 0.6 
Just sitting around 3.3 2.6 


The next largest amount of time is given over to watching TV and listening 
to the radio. It was the impression of our interviewers that TV rather than 
radio accounted for the vast majority of this time. Men spent an average of 
11.6 hours, women 13.2 hours per week so engaged. Among women the 
amount of time devoted to TV and radio was significantly greater in the older 
age groups (p < 0.001); among men it was the same in all the age groups 
studied. 

The amount of time spent in reading books and magazines was also con- 
siderable, amounting to 8.3 hours per week for men and 9.0 hours per week for 
women. Time spent reading was significantly greater (p < 0.01) in the older 
age groups. 

Active participation in hobbies or sports accounted for only a small num- 
ber of hours per week, 3.9 in men and 3.4 in women. Interestingly, 44 percent 
of the men and 52 percent of the women did not spend any time engaged in a 
hobby or sport. Similarly, personal attendance at sports events was not com- 
mon; 68 percent of the men and 85 percent of the women did not attend at 
all. Among those who did attend, the time spent was about 2 hours per week, 
roughly the duration of most spectator sports events. 
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Data on church attendance in old age have been reviewed by Palmore 
(1969). One persistent idea in the literature has been religiosity increases with 
advancing age; another has been that patterns of religious attendance, once 
firmly established, remain relatively stable throughout life. Unfortunately our 
question regarding church attendance also included attendance at “other 
meetings,” such as union meetings, etc. It was, however, the impression of our 
interviewers that the subjects gave responses primarily in terms of church at- 
tendance. In our panel average attendance was slightly lower among men than 
women (2.3 versus 2.9 hours per week) but attendance was not age-related. 

A number of social planners in gerontology have suggested that volunteer 
work or volunteer service might be one of the major activities for the elderly 
after retirement. Our data would seem to indicate that this view should be ad- 
vanced only with caution. Among the age group studied, volunteer work ac- 
counted for only a tiny fraction of their activities; 64 percent of men and 66 
percent of women said they engaged in no volunteer work whatever. The rest 
spent between | and 2 hours a week engaged in volunteer work. This finding 
makes it seem unlikely that volunteer work could be made attractive for more 
than just a small portion of older subjects no longer engaged in remunerative 
work. We have quite another opinion in regard to paid service activities for 
those no longer regularly employed. 

One of the major ways in which men and women differed from each other 
was in the amount of time spent socializing. This amounted to 4.8 hours per 
week for men but 7.2 hours per week for women. Age was not a factor in the 
amount of socializing done by men, but was age-related in women, more 
socializing being done by the older age groups (p < 0.05). Average amounts 
of time spent on yard care, gardening, and other activities around the house, 
including mending and sewing for women, is also indicated in Table 7-2. Age 
was not a significant factor in these activities. 

Subjects were also given the opportunity to indicate other, nonlisted ac- 
tivities. Only 16 percent of men and 13 percent of the women listed any ac- 
tivities under this category, indicating that most of the activities were covered in 
the listed categories. Activities most prominently mentioned here were hunt- 
ing, fishing, hiking, or other outdoor recreation. 

Only a small proportion of subjects, 34 percent of men and 29 percent of 
women, admitted that they ever spent any time “just sitting around, doing 
nothing.” This finding is the second piece of evidence in our developing thesis 
of a work orientation rather than a leisure orientation in our society. 


Vacations 


A second segment of our study of leisure behavior dealt with vacations. 
The most striking finding in regard to vacations was the relatively small amount 
of variation which existed in regard to vacation taking. Vacations seem to be a 
highly institutionalized, almost a mandatory, type of leisure behavior. Only 
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15 percent of men and 20 percent of women said they had not taken a formal 
vacation during the last year. The majority of subjects had taken vacations 
from 1 week’s to 4 weeks’ duration, with an average amount of 2.8 weeks 
per person, a figure identical for both men and women. Eighty-nine percent of 
the men and 94 percent of the women indicated they had traveled for pleasure 
during their vacations; the remaining few percentages were distributed be- 
tween “taking it easy around the house” and “just working around the house.” 
Not a single subject mentioned having spent time either in self-improvement 
activities or in volunteer activities during their vacation. 

Amounts of money spent during vacation varied from less than $50 to 
more than $2,000, with the modal amount lying between $200-$500. Sub- 
jects were asked whether the money spent on their vacations was money well 
spent; 98 percent of the men and 99 percent of the women said it was. In 
summary, vacations are a relatively institutionalized form of leisure be- 
havior. One is expected to and does take a trip. A certain amount of money 
is spent and it is expected that one regard the money spent as distinctly well 
applied. 


Satisfactions Derived from Leisure Activities 


The last segment of our study deals with the satisfactions derived from 
participation in leisure activities. This topic was approached in several dif- 
ferent ways. The relevant findings in regard to these are presented in Table 
7-3. 

Subjects were asked whether they had too much, too little, or enough free 
time (Table 7-3), 71 percent of the men and 65 percent of the women said 


Table 7-3. “Are you satisfied with the amount of free 
time you have now, or do you feel you have too much 
free time or too little free time?” 


Men (N = 261) 
Too much Too little 

Age (%) Satisfied free time (%) free time (%) 
46-71 71 6 23 
46-50 72 0 28 
S1=55 63 2 34 
56-60 74 3 23 
61-65 78 4 19 
66-71 68 16 15 

Women (N = 241) 
46-71 65 7 28 
46-50 58 7 Si 
51-55 49 7 44 
56-60 72 4 24 
61-65 66 9 26 
66-71 75 8 17 


Pfeiffer and Davis: Use of leisure time in middle life 239 


they were satisfied with the amount of free time they currently had available; 
6 percent of the men and 7 percent of the women said they had too much 
free time; 23 percent of the men and 28 percent of the women complained 
that they had too little free time. Men in the 66 to 71 age group had the high- 
est percentage, 16 percent, complaining of too much free time. Women in the 
46 to 50 and in the 51 to 55 age categories had the highest percentage of 
subjects complaining of too little free time. These findings suggest that men 
tend to experience the years from 66 to 71 as particularly difficult psy- 
chologically while women tend to experience years from 46 to 55 as particu- 
larly difficult (see Discussion below). 

Subjects were also asked whether their work or their leisure activities 
were more satisfying to them (Table 7-4). More than half indicated that 


Table 7-4. “What is more satisfying to you, your work 
or leisure activities?” 


Men (N = 215) 

Age Both (%) Work (%) Leisure (%) 
46-71 35 52 13 
46-50 39 44 17 
Si 31 62 8 
56-60 35 53 10 
61-65 44 37 20 
66-71 23 68 10 

Women (N = 134) 

46-71 28 55 16 
46-50 7p 50 28 
51-55 33 57 10 
56-60 32 56 12 
61-65 22 S7 22 
66-71 33 60 7 


they derived greater satisfaction from their work than from their leisure 
activities (52 percent of men and 55 percent of women). The next largest 
proportion indicated that they derived equal satisfaction from both their work 
and their leisure; 35 percent of the men and 28 percent of the women. Only 
13 percent of the men and 16 percent of the women indicated that they 
derived their greatest satisfaction from leisure activities. The data in Table 
7—4 and also in Table 7—6 are confined to subjects who were employed at 
the time of the examination. To the degree that only a proportion of the sub- 
jects was working (see Table 7—1) the data in these two tables are not en- 
tirely representative of the over-all panel. However, we would cite these 
findings as further evidence of a work orientation. 

Subjects were also asked: “When was the last time you really had fun?” 
Most subjects found this an intriguing question. The findings are presented 
in Table 7-5. Two-thirds of the men and two-thirds of the women said they 
had fun either within the last day or within the last week. But 16 percent of 
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Table 7-5. “When was the last time you really had fun?” 


“Months” 
Last Last Last or Don’t 
Age Day (%) Week (%) Month(%) ‘‘Years’” (%) Know (%) 
Men (N = 261) 
46-71 42 25 12 16 8 
46-50 40 30 14 16 0 
51-55 34 29 10 15 12 
56-60 56 20 7 15 3 
61-65 33 24 17 22 4 
66-71 43 22 13 13 10 
Women 
(N = 241) 
46-71 30 34 16 16 5 
46-50 26 33 26 14 2 
51-55 29 32 17 20 2 
56-60 36 34 16 12 2 
61-65 34 28 9 21 9 
66-71 25 40 15 13 a 


men and 16 percent of women answered that it had been “months” or even 
“years” since they last had fun. These findings were not age-related. How- 
ever, among men employment status was important; 77 percent of working 
men as against over 56 percent of nonworking men said they had had fun 
within the last week. This difference was significant at the .05 level. Employ- 
ment status did not affect the response to this question among women. 
Subjects were also asked: “If you did not actually have to work for a 
living, would you still work?”—90 percent of the men and 82 percent of the 
women said “Yes” (Table 7-6). Among men in the 66 to 71 age group, 97 
percent said they would still work. This is the group containing the largest 


Table 7-6. “If you did not actually have to 
work for a living, would you still work?” 


Age Yes (%) No (%) 
Men (N = 213) 
46-71 90 10 
46-50 85 15 
51-55 97 3 
56-60 86 14 
61-65 89 Ui 
66-71 97 3 
Women (N = 125) 
46-71 82 18 
46-50 68 29 
51-55 86 14 
56-60 91 9 
61-65 79 21 


66-71 86 14 
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percentage of men no longer employed (compare Table 7—1). These findings 
are comparable to those of Morse and Weiss (1955) who found between 
61 and 90 percent of men aged 21 to 65 plus would still work even if they had 
enough money (as from an inheritance). 

The final question in this series sought a definition of leisure activity from 
the subjects themselves; 45 percent of the men and 37 percent of the women 
chose “anything that is relaxing” as their definition; 32 percent of the men 
and 33 percent of the women chose “anything that is fun,” with less than 
10 percent each choosing “anything you don’t have to do,” “free time,” and 
“other” definitions. Among “others” the combination of “anything that is 
fun and relaxing” was the definition most commonly chosen. 

From this it is clear that our subjects had rather pragmatic and down-to- 
earth definitions of leisure, definitions far removed from the lofty or “Ar- 
cadian” concept of leisure held by the aristocrats of the ancient world. 


Discussion and Conclusions 


The results of this study force upon us the conclusion that ours is a 
work oriented, not a leisure oriented, culture; at least in the age groups cov- 
ered by this study. This conclusion is based on finding that the majority of 
our subjects would still work even if they did not have to; that they derived 
greater satisfaction from their work than from their leisure activities; that 
only a small percentage felt that they did not have enough free time; and that 
subjects who were employed or engaged in business had experienced fun 
more recently than nonworking subjects. 

This conclusion has important public policy implications. Individuals now 
in their middle age will arrive in old age essentially unprepared for the 
meaningful utilization of large amounts of free time. In order to avoid serious 
degrees of dissatisfaction in old age our society must provide either more 
training for leisure in middle age, or more opportunity for continued em- 
ployment in old age. Or, we must create a more even distribution of both 
work and leisure over the life-span. This idea has been discussed from an 
economic point of view by Kreps (1969). She points to some European 
countries in which a greater portion of life-time leisure is allocated to the 
working years than is the case in the United States. This is generally done in 
the form of a shorter work week and/or longer vacations. 

Perhaps a combination of these two approaches, education for leisure and 
flexible retirement policies, might work best in the United States. One pos- 
sible way of accomplishing this would be to increase vacation time after age 
50 or 55 by 2 weeks each succeeding year. Part-time or part-year work might 
then be continued past the so-called retirement age to the extent an individual 
wished or was able to work. In the process, individuals might gradually 
learn to use increasing amounts of free time meaningfully and enjoyably. 
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It must be admitted that what has been said here in regard to the re- 
lationship between work and leisure applies primarily to men in our society, 
since men still function as the primary breadwinner in American families. 
However, the percentage of women employed outside the home is increasing, 
and some of the observed differences may be erased in time. 

A few other differences between men and women in regard to leisure be- 
havior deserve comment. Between the ages of 46 and 55 the percentage of 
women complaining of too little (free) time reaches a peak. This may be re- 
lated to the fact that women who work outside the home (the percentage of 
women gainfully employed also reached a peak at this time—see Table 7-1) 
are still expected to work inside the home as well. Having a job does not re- 
lieve them of having to cook and keep house. That this seems to be a difficult 
period for women generally is apparent from other sources: reproductive 
capacity ends; children grow up and move away; depression and suicide among 
women reach their highest peak in this age group (Busse and Pfeiffer, 1969). 

Men, on the other hand, at least in the age groups covered by this study, 
seem to experience their most difficult time in the 66- to 71-years category. 
In this group the percentage of men complaining of too much free time 
reaches a peak, at the same time the percentage of men still gainfully em- 
ployed drops sharply. This is also the time of life in which, again according to 
unrelated studies (Busse and Pfeiffer, 1969), the rates of suicide and of de- 
pression are highest among men. 

In our discussion we have come a long way from considering the delights 
of spending one’s free time as one sees fit to the self-willed deaths of despair- 
ing men. Many other factors, other than the style of leisure-time usage, enter 
into the nature of adaptation to old age, and the last few remarks may seem 
to be overdrawn. However, Eisdorfer in his 1969 Kleemeier Lecture (1970) 
admonishes us to build bridges between research findings and clinical phe- 
nomena. Future research may well discard any such connection. However, 
the attempt to link up diverse events occuring at the same stage of the life 
cycle seems worth making. 
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Sexual Behavior in Middle Life Eric Pfeiffer, Adriaan Ver- 
woerdt, and Glenn C. Davis 


We have previously reported data on sexual behavior in old age (Pfeiffer 
et al., 1968; Pfeiffer et al., 1969; Verwoerdt et al., 1969; Verwoerdt et al., 
1969; Pfeiffer, 1969). In these studies, 271 subjects aged 60 to 94 were 
initially interviewed, and the survivors were interviewed repeatedly at two- 
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to three-year intervals for at least ten years. Cross-sectional as well as longi- 
tudinal analyses were carried out. 

To date the most important findings have been the following: (1) elderly 
men in the sample differed markedly from elderly women in reported sexual 
behavior; (2) the intensity, presence, or absence of sexual interest and ac- 
tivity among elderly women was primarily a reflection of the availability of a 
socially sanctioned, sexually capable partner; (3) with advancing age, pat- 
terns of declining sexual activity and interest were common, but patterns of 
stable, as well as of increasing, sexual activity also occurred; and (4) when 
both husband and wife were available for study, a high level of congruence 
between the reports of the two partners was observed, suggesting that sexual 
behavior was being reliably reported. 

The past studies, however, not only answered some questions but also 
raised a number of new ones. What were the antecedents of sexual behavior 
in old age? Did male-female differences in reported sexual behavior exist in 
middle age as well? At what age was a decline in sexual function noted most 
commonly, and was this age the same for men and for women? Were there 
factors in middle age that could account for the striking differences between 
men and women in regard to sexual behavior in old age? The present study 
was undertaken in an attempt to answer some of these questions. . . . 


Subjects 


Of the 261 men, 257 were married (98 percent). Two were widowed (1 
percent) and two had never married (1 percent). By contrast, 170 of the 
241 women were married (71 percent). Forty-four were widowed (18 per- 
cent), 13 had never married (5 percent), and 14 were separated or divorced 
(6 percent). 


Method 


The data on sexual behavior were gathered as part of a self-administered 
medical history questionnaire. The questions were similar to those used in 
the earlier studies. However, this information had previously been gathered 
during a face-to-face structured interview. This method yielded only incom- 
plete data due to embarrassment about the questions on the part of either 
the subjects or the interviewers. The data were especially sparse on the cur- 
rent sexual behavior of women who had never married or who were widowed, 
separated, or divorced. It was hoped that use of the more impersonal paper- 
and-pencil technique would decrease this embarrassment and thereby in- 
crease the yield of data. This was in fact so. 

Data were generally far more complete on widowed, separated, and di- 
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vorced women; however, the 13 women who had never married still provided 
virtually no data on either current or earlier sexual interest and/or activity. 
Responses to questions on sexual behavior were given by 250-256 of the 261 
men in the sample and by 219-229 of the 241 women. 


Table 7-7. Age-sex cohorts. 


Age 
group Men Women 
46-50 43 43 
51-55 41 41 
56-60 61 50 
61-65 54 47 
66-71 62 60 
Total 261 241 


The areas of sexual behavior covered in the study were as follows (pos- 
sible choices are indicated in parentheses) : 


1. Enjoyment of sexual relations in younger years (none, mild, moderate, 
strong). 

2. Enjoyment of sexual relations at the present time (none, mild, mod- 
erate, strong). 

3. Sexual feelings in younger years (absent, weak, moderate, strong). 

4. Sexual feelings at the present time (absent, weak, moderate, strong). 

5. Frequency of sexual relations in younger years (never, once a month, 
once a week, two to three times a week, more than three times a week). 

6. Frequency of sexual relations at the present time (never, once a month, 
once a week, two to three times a week, more than three times a week). 

7. Awareness of any decline in sexual interest or activity (yes, no); if 
yes, at what age was it first noted (five-year age groupings). 

8. If sexual relations have stopped, when were they stopped? (still con- 
tinuing, less than a year ago, one to two years ago, two to five years ago, 
six to ten years ago, 11—20 years ago, more than 20 years ago). 

9. Reason for stopping sexual relations (not stopped, death of spouse, 
illness of self, illness of spouse, self lost interest, spouse lost interest, self no 
longer able to perform sexually, spouse not able to perform sexually, sepa- 
rated or divorced from spouse). 


All the results reported in this paper are cross-sectional only. Thus they 
do not indicate how individuals change over time. They only indicate how 
groups of persons of a given chronological age function in comparison with 
groups of persons of a different age. However, the study is so designed that 
longitudinal data will eventually become available. Longitudinal as well as 
cross-sequential analyses, as described by Schaie and Strother (Schaie et al., 
1968), can then be carried out. 
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Results 

A great deal of interest centers on the current level of sexual interest and 
activity of men and women at different ages. The basic data in regard to 
these two variables are presented in Tables 7-8 and 7-9. 

Current Level of Sexual Interest 

Only six percent of the men in the sample said they no longer had any 


sexual feelings. On the other hand, strong current sexual interest was in- 
dicated by 12 percent. While there is, as Table 7-8 shows, a decline in cur- 


Table 7-8. Current level of sexual interest, in percentages. 


Group Number None Mild Moderate Strong 

Men 
46-50 43 0) 9 63 28 
51-55 41 0 19 71 10 
56-60 61 5 26 57 12 
61-65 54 11 37 48 4 
66-71 62 10 32 48 10 
Total 261 6 26 56 12 

Women 
46-50 43 7 23 61 9 
51-55 41 20 24 51 5 
56-60 48 ail 25 44 0 
61-65 43 51 37 12 0 
66-71 54 50 26 22 2 
Total 229 33 27 37 3 


rent interest in each of the age brackets from 45 to 65 years of age, there 
is actually a small rise in interest in sex in the oldest age category. This sug- 
gests that individuals who survive into their late 60s and early 70s may con- 
stitute an elite group, their weaker brothers having succumbed at an earlier 
age (Pfeiffer et al., 1969; Pfeiffer, 1970). We have already pointed out pre- 
viously that decline is not the only pattern in evidence when sexual behavior 
is followed longitudinally. Steady or even increased performance has been 
noted (Pfeiffer et at., 1969; Verwoerdt et al., 1969). 

Among the women, a similar pattern of declining interest was shown. 
However, the percentage of women indicating no sexual interest was higher 
than that among men in all the age categories; the percentage indicating 
strong sexual interest was lower than that among men in all the age categories. 
As with men, the percentage of women indicating moderate or strong sexual 
interest was higher in the oldest age category than in the next-to-the-oldest 
category, suggesting again that the oldest group constitutes a group of elite 
survivors. 
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Table 7-9. Current frequency of sexual intercourse, in percentages. 


Once a Once a 2-3 times More than 3 
Group Number None month week aweek times a week 
Men 
46-50 43 0 5 62 26 7 
51-55 41 5 29 49 17 0 
56-60 61 7 38 44 11 0 
61-65 54 20 43 30 7 0 
66-71 62 24 48 26 2: 0 
Total 261 12 34 41 12 1 
Women 
46-50 43 14 26 39 21 0 
51-55 41 20 41 32 5 2 
56-60 48 42 27 25 4 2 
61-65 44 61 29 5 5 0 
66-71 55 73 16 11 0 0 
Total 231 44 27 22 6 1 


Overall, however, the data clearly indicate a pattern of decline in sexual 
interest from the younger to the older age categories for both men and women 
(p01). 


Current Frequency of Sexual Intercourse 


Only 12 percent of the men in the sample said they no longer had any 
sexual relations. None in the group aged 46-50 but 24 percent in the group 
aged 66-71 gave this reply, with a stepwise increase in this percentage with 
increasing age. In the same direction, the higher frequencies of sexual re- 
lations (two to three times a week and more than three times a week) were 
checked less and less frequently by the older age groups. Interestingly, sexual 
activity showed no increase in the oldest age category compared with the 
next-to-the-oldest category (see Table 7-9). This widening interest-activity 
gap, as we have called it, has already been described previously for elderly 
men (Pfeiffer et al., 1969). 

Among the women a similar pattern of declining sexual activity obtained. 
The frequency of sexual relations was lower for women than for men in all 
age categories. There was no increase in sexual activity in the oldest age group 
in comparison with the next-to-the-oldest age group. 

For both men and women, the data showed a significant decline in sexual 
activity with increasing age (p < .001). 


Awareness of Decline in Sexual Interest and Activity 


A question concerning the subjects’ own awareness of decline in sexual in- 
terest and activity was not included in the previous studies. However, this 
question suggested itself on the basis of the previous studies. It demands of 
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the subjects a longitudinal assessment of their own sexual behavior. One of 
us (E. P.) has previously pointed out the superiority of such longitudinal 
assessments Over single-point-in-time assessments (Pfeiffer, 1970). Thus a 
“change in health status” question was a more powerful predictor of longevity 
than a “current health status” question. 

The results in regard to an awareness of decline are presented in Table 
7—10. In the youngest age group, 51 of the men reported no decline in sexual 


Table 7-10. Awareness of decline in sexual interest 
and activity. 


Men Women 
No decline No decline 
Group Number (percent) Number (percent) 
46-50 43 51 43 42 
51-55 41 29 41 22, 
56-60 61 28 48 21 
61-65 54 11 43 72 
66-71 61 12 54 4 
Total 260 25 229 19 


activity or interest up to that time. But this percentage dwindled in stepwise 
fashion for each succeeding age group. However, even in the oldest group, 
12 percent still averred no decline. The sharpest drop in the proportion re- 
porting no awareness of decline occurred between the group aged 46-50 and 
the 51-55 groups. 


Age of Cessation of Sexual Intercourse 


Only 36 men but 97 of the women in the sample indicated that they had 
stopped having sexual relations. They gave a wide scattering of responses as 
to when they had stopped. This ranged from “within the last year” (eight men 
and four women) to “more than 20 years ago” (one man and eight women). 
Not only did a larger proportion of women than of men indicate that they 
had stopped having sexual relations, but a greater proportion of the women 
than of the men who had stopped indicated that they had done so more than 
five years ago (62 out of 97 women, or 64 percent; 12 out of 36 men, or 
33 percent). A partial explanation of why more women than men have 
stopped relations, and why they have done so at an earlier age, becomes ap- 
parent when the reasons for stopping are examined for men and women 
respectively. 


Reasons for Stopping Sexual Intercourse 


Thirty-five men and 97 women gave reasons why they had ceased to have 
sexual relations. The results are shown in Table 7-11. These reasons can be 
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grouped according to whether the subject attributes responsibility for cessa- 
tion to himself (herself) or to his (her) spouse. These groupings are pre- 


sented in Table 7-12. As can be seen, women overwhelmingly attributed re- 


Table 7-11. Reasons for cessation of sexual relations. 


Men Women 
Reason Number Percent Number Percent 

Death of spouse 0 _ 35 36 
Separation or divorce from spouse 0 — 72 12 y 
Illness of spouse 5 14 19 20 
Loss of interest by spouse 3 9 4 4 
Spouse unable to perform sexually 2 6 17 18 
Illness of self 6 17 2 Z 
Loss of interest by self 5 14 4 4 
Self unable to perform sexually 14 40 4 4 
Total 35 97 


sponsibility for stopping to their husbands, while men generally attributed the 
responsibility to themselves (p < .001). This study thus confirms our earlier 
finding that in a marriage it is generally the man who determines whether 
sexual relations continue or cease (Pfeiffer et al., 1968). While “death of 


Table 7-12. Responsibility for cessation of sexual relations. 


Men Women 
Responsibility Number Percent Number Percent 
All reasons included 
Attributed to spouse 10 29 87 90 
Attributed to self 25 71 10 10 
Total 35 97 
Loss of spouse excluded 
Attributed to spouse 10 29 40 80 
Attributed to self Ds 71 10 20 
Total 35 50 


spouse” accounts for the largest number of women who attribute responsibility 
for cessation to their spouse (35 out of 97), the general finding that men 
blame themselves and women blame their husbands still holds up even after 
“death of spouse” and “separation from spouse” are removed from the 
analysis (p < .001). 


Summary 


We have previously reported data on sexual behavior in old age. These 
findings made it clear that the aging processes were not confined to persons 


c 
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beyond age 65; instead many of the changes observed in old age had their 
antecedents in middle age. The present study was undertaken to examine 
some of these antecedents, 

Data on sexual behavior were gathered on 261 white men and 241 white 
women aged 45 to 69. The subjects were chosen randomly from the member- 
ship lists of the local medical group insurance plan. They were thus broadly 
representative of the middle and upper socioeconomic strata of the com- 
munity. 

Dramatic differences between men and women of like age were observed 
in regard to virtually all indicators of sexual behavior, with the men generally 
reporting greater interest and activity than the women. While there was an 
overall pattern of decline in interest and activity with advancing age, it was 
also clear that sex still continued to play an important role in the lives of the 
vast majority of the subjects studied. Only 6 percent of the men and 33 per- 
cent of the women said they were no longer interested in sex. Only 12 per- 
cent of the men and 44 percent of the women said they no longer had sexual 
relations. Interestingly, the oldest age group indicated higher levels of sexual 
involvement than did the next-to-the-oldest age group. This suggests that 
this oldest group actually constituted a group of elite survivors from whose 
midst less highly advantaged individuals had already been removed. 

By age 50, some 49 percent of the men and 58 percent of the women ad- 
mitted they had noted some decline in their sexual interest and activity. By 
age 70, 88 percent of the men and 96 percent of the women admitted an 
awareness of such a decline. The sharpest increase in the percentage of those 
admitting awareness of a decline occurred between the 45-50 group and the 
51-55 group. 

Some 14 percent of the men and 40 percent of the women indicated that 
they had stopped having sexual relations and offered reasons for having done 
so. The present study confirmed our previous finding that women overwhelm- 
ingly attribute responsibility for cessation of sexual relations to their hus- 
bands, while men generally hold themselves responsible for cessation. 
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Determinants of Sexual Behavior in Middle and Old Age 
Eric Pfeiffer and Glenn C. Davis 


Only in the last twenty-five years have investigators focused systematic 
attention on sexual behavior in old age. In fact, the studies by Kinsey and 
associates (Kinsey et al., 1948; Kinsey et al., 1953) in the late 1940s and 
early 1950s established this area of behavior as a legitimate field for scientific 
inquiry. Masters and Johnson (Masters et al., 1966; Masters et al., 1970) 
broke new ground with their detailed studies of the physiology of human 
sexual responses, studies which appropriately included a number of subjects 
above age 60. More recently, investigators at Duke University, including the 
senior author, have published their findings regarding sexual behavior in old 
age. In these latter studies, data on sexual behavior were obtained as part of 
a larger research strategy seeking to identify the psychologic, social, and 
physical determinants of adaptation in late life (Newman et al., 1960; 
Pfeiffer et al., 1968; Pfeiffer et al., 1969; Verwoerdt et al., 1969; Verwoerdt 
et al., 1969; Pfeiffer, 1969). These studies indicated that sex continued to 
play an important role in the lives of many elderly persons. Elderly men were 
found to differ markedly from women of like age in reported sexual behavior. 
Notably, levels of sexual interest and activity among elderly women principally 
reflect the availability of a socially sanctioned, sexually capable partner. 
Although with advancing age there was a tendency for declining sexual ac- 
tivity and interest, longitudinal studies demonstrated that stable patterns as 
well as patterns of increasing sexual interest and activity also occurred in old 
age. 

These past studies answered some old questions, but they also raised a 
number of new ones. What are the middle-age antecedents of sexual be- 
havior in old age? Do male-female differences in reported sexual behavior 
already exist in middle age? At what age is decline in sexual function noted 
most commonly? Is this age the same for men and for women? Partial an- 
swers to these questions are provided in a recent publication growing out of 
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this same study (Pfeiffer et al., 1972). The present communication is princi- 
pally concerned with the following question: What are the multiple deter- 
minants of sexual behavior in middle and late life, and for how much of the 
variance in sexual behavior does each of these factors account? 


Materials and Methods 


Subjects 


The subjects were 502 persons (261 white men and 241 white women) 
in the 45-69 age group. . . . Of the 261 men, 257 were married (98 per- 
cent), 2 were widowed (1 percent) and 2 had never married (1 percent). 
By contrast, 170 of the 241 women were married (71 percent), 44 were 
widowed (18 percent), 13 had never married (5 percent), and 14 were 
separated or divorced (6 percent). 


Methods 


The data on sexual behavior were gathered as part of a self-administered 
medical history questionnaire. Areas of sexual behavior covered in the study 
were as follows (possible choices are indicated in parenthesis) : 

1) Enjoyment of sex relations in younger years (none, mild, moderate, 
very much). 

2) Enjoyment of sex relations at present time (none, mild, moderate, very 
much). 

3) Sexual feelings in younger years (absent, weak, moderate, strong). 

4) Sexual feelings at present time (absent, weak, moderate, strong). 

5) Frequency of sex relations in younger years (never, once per month, 
once a week, up to three times a week, more than three times a week). 

6) Frequency of sex relations at present time (never, once per month, 
once a week, up to three times a week, more than three times a week). 

7) Awareness of any decline in sexual interest or activity (yes, no). 
If yes, at what age first noted? (5-year age brackets). 

8) If sex relations stopped, when stopped? (still have, less than year ago, 
1-2 years ago, 2-5 years ago, 6-10 years ago, 11-20 years ago, more than 
20 years ago). 

9) Reason for stopping sex relations (not stopped, death of spouse, ill- 
ness of self, illness of spouse, self lost interest, spouse lost interest, self no 
longer able to perform sexually, spouse not able to perform sexually, sepa- 
ration or divorced from spouse). 

For purposes of this paper, stepwise multiple regression analysis was the 
principal tool used. Multiple regression analysis is a method which permits the 
simultaneous handling of many variables in order to isolate the effect of each 
factor adjusted for the presence of the remaining factors. This type of 
analysis permits an estimate of the independent contribution of each factor 
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to the observed variance in the dependent variable—in this case, to the 
variance in sexual behavior. Three measures of current sexual functioning 
were used as dependent variables: level of current sexual interest, current fre- 
quency of sex relations, and current enjoyment derived from sexual relations 
(questions 2, 4, and 6 above). A list of the most significant independent 
variables used, along with the zero order correlated obtained, appears in 
Table 7-13. Additional variables used, but not included in Table 7—13, were 
the subjective health rating of the person at various ages (by decades); the 
expressed concern over the findings of the physical examination; alcohol and 


Table 7-13. Independent variables and zero-order correlations. 


Present Present Present 
enjoyment interest frequency 


Sex —.40 — .34 3 () 
Age —.34 735) — .46 
Education as 14 03 
Income 38 36 a3) 
Employed .30 30 .26 
Social class .09 .08 01 
Past sexual enjoyment 252 45 .34 
Past sexual interest 39 44 31 
Past sexual frequency Di .29 41 
Subjective health rating now 16 .20 sllS: 
Subjective health rating 5 yrs. ago 14 a3 ll 
Subjective health rating 5 yrs. from now a2 18 ais 
Objective physical function rating (PFR) 18 .20 19 
Life satisfaction now 14 me 18 
Life satisfaction 5 yrs. ago 10 .09 2. 
Life satisfaction 5 yrs. from now aD 14 aS 


tobacco use; and the regular use of a variety of medications, including am- 
phetamines, tranquilizers, sleeping pills, appetite suppressants, analgesics, and 
sex hormones (women only). 


Results 


From the previous studies we had had indications that a number of major 
demographic variables—in particular age, sex, marital status (among women), 
and previous sexual experience—had considerable effect on the degree of 
sexual interest and activity. In addition, health factors have been suggested 
as contributing to the variance in sexual behavior in late life (Kinsey et al., 
1948; Kinsey et al., 1953; Masters et al., 1966; Masters et al., 1970; Newman 
et al., 1960; Finkle, 1967; Peberdy, 1967; Post, 1967). 

The results of a stepwide multiple regression analysis, using present en- 
jOyment, present sexual interest, and present frequency of intercourse as 
dependent variables, are presented in Table 7-14. Both men and women 
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were included in this and in the next analysis in order to be able to use the 
sex of the subject as an independent variable. From the table it is apparent 
that the most important factors independently contributing to the variance in 
sexual behavior in the age range studied are past sexual experiences (positively 
correlated), age (negatively correlated) and the sex of the individual (male- 
ness was positively correlated). Listed in the table are multiple-R values; each 
increment in the multiple R indicates the extent of variation contributed in- 
dependently by each factor. Additional factors which significantly contribute 
to the variance in the dependent variables include income (positively cor- 
related), social class (positively correlated), and an objective physical func- 
tion rating (PFR) (positively correlated). All the factors listed as significantly 
contributing to the variance in observed sexual behavior together account for 
42 to 45 percent of the total variance in sexual behavior. 

Since it was apparent that previous sexual experience made a major 
independent contribution to present sexual behavior, previous sexual ex- 
perience was eliminated as an independent variable in the next analysis. It 
was hoped that this procedure would allow a number of other variables to 
come to the foreground that had previously been overshadowed by the 
magnitude of the contribution made by previous sexual experiences. The re- 
sults are presented in Table 7—15. Sex and age continued to be important 
factors, but the individual’s subjective assessment of present health status, past 
health status, and expectation of future life satisfaction, now became promi- 
nent as contributors to the total variance. Without past sexual experience as 
an independent variable, the total multiple R only reached .60, explaining 
from 32 to 36 percent of the total variance. 

In Tables 7-16 and 7-17 are presented the results of multiple regression 
analyses for men and women separately. Except for the elimination of the 
sex of the subject, the independent variables used were largely the same as 
in Table 7—15, with the addition of marital status, menopausal status, and sex 
hormone usage for women. Some interesting differences between men and 
women emerged. Among the men a sizable number of factors contributed in- 
dependently to current sexual functioning: age (negatively), present health 
status (positively), social class (positively), taking of antihypertensive medi- 
cation (negatively), present life satisfaction (positively), physical function 
rating (negatively), and excessive concern over physical examination findings 
(negatively), among others. Among the women, a much smaller number of 
factors made significant independent contributions to present sexual func- 
tioning. They were principally marital status (intact marriages were positively 
correlated) and age (negatively correlated). Small contributions were made 
by the educational level (positively correlated), by being employed (positively 
correlated), and by being post menopausal (negatively correlated). However, 
the smaller number of significant variables among the women explained a 
greater percentage of the total variance in sexual functioning than did the 
larger number of significant variables among the men (up to 44 percent of 
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variance explained for women, up to 28 percent of variance explained for 
men). 

The contribution of past sexual experience to present sexual functioning 
was assessed separately for men and women (Table 7-18). Again, some 
interesting differences between men and women were observed. Whereas for 
men all three indicators of early life sexual functioning (past sexual enjoy- 
ment, past interest, and past frequency) were highly correlated with present 
sexual interest and activities, for women past sexual enjoyment was most 
highly correlated with continued current sexual functioning. 


Table 7-18. Past sexual behavior—multiple regression analysis. 


Males Females 
N = 261 N = 227 
Present sexual enjoyment Present sexual enjoyment 
multiple R_ F value multiple RF value 
Past enjoyment .38 44.54 Past enjoyment 47 65.14 
Present sexual interest Present sexual interest 
Past interest aoe 16.96 Past enjoyment .43 17.59 
Past frequency .34 5.61 Past interest 45 3.19 
Present frequency of intercourse Present frequency of intercourse 
Past frequency 39 46.39 Past frequency 36 18.03 
Past enjoyment -42 11.65 


Discussion 


Over two decades ago Kinsey wrote that it was impossible at that time to 
speculate how much the decline in sexual frequency with age was due to 
physiologic, psychologic, or social factors (Kinsey et al., 1948). The present 
study was aimed precisely at that issue, that is, to identify the various de- 
terminants of sexual behavior in middle and old age. 

A number of investigators (Kinsey et al., 1948; Kinsey et al., 1953; 
Masters et al., 1966; Masters et al., 1970; Newman et al., 1960; Post, 1967) 
have suggested that continued sexual activity in older age groups is dependent 
upon previous sexual behavior and experience. Our analyses support this 
conclusion. Past experience is an extremely important determinant of present 
behavior, not only of frequency of intercourse but also of sexual enjoyment 
and interest. Furthermore, for women, the enjoyment of sexual relations in 
younger years, rather than frequency or level of sexual interest in younger 
years, seems to be of particular importance in determining the extent of 
present sexual interest and frequency of intercourse. 
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The importance of a socially sanctioned sexually capable partner has 
been emphasized (Kinsey et al., 1948; Kinsey et al., 1953; Masters et al., 
1966; Masters et al., 1970; Newman et al., 1960; Post, 1967; Weinberg, 
1969). It is clear from these determinations that the role of marital status 
for the female is a powerful determining factor in her sexual behavior. This 
likely reflects both the relative greater attrition of males in our society as 
well as the difficulty that single or widowed elderly women may encounter 
due to social disapproval and lack of opportunity. 

The importance of physical well-being has been emphasized by other 
authors (Kinsey et al., 1948; Kinsey et al., 1953; Masters et al., 1966; 
Masters et al., 1970; Newman et al., 1960; Post, 1967). In the present study 
this notion was supported primarily among men. Strikingly, subjective assess- 
ments of health status are important in determining sexual enjoyment and 
interest, but an object health rating (PFR) is a significant determinant of 
present frequency of intercourse among men (Table 7-16). Both objective 
and subjective health ratings play lesser roles in female sexual behavior 
(Table 7-17). 

Adaptability, a feeling of satisfaction, mental health, and a variety of 
psychologic variables have been postulated to have important influences on 
sexual behavior (Masters et al., 1966; Masters et al., 1970; Peberdy, 1967; 
Denber, 1968). In the present study it was apparent that subjects who ex- 
pected they would look back on their lives with much satisfaction had higher 
levels of sexual activity than those who did not. 


Conclusions 


Keeping in mind the limitations of the present study (the subjects were 
primarily white, middle and upper-middle-class, nonmetropolitan residents 
of one of the southeastern states of the United States, age range, 46-71), the 
extent to which the findings can be generalized to apply to other populations 
depends upon the similarity of those populations to the sample under study. 
Nevertheless, a number of conclusions emerge which have important impli- 
cations for the practitioner, to the extent that his patients’ charactggistics ap- 
proximate those of our sample. The practitioner should be aware that sex 
continues to play an important role in the lives of the majority of middle-aged 
people, as it does in the lives of many old people. Equally important to realize, 
however, is the wide range of differences which exist between persons in 
this general age group. Many diverse factors influence the extent of sexual 
activity and interest among men in the age range studied; the most important 
include past sexual experience, age, subjective and objective health factors, 
and social class. Relatively fewer factors determine the extent of sexual 
activity and interest among women; they are principally marital status, age, 
and enjoyment derived from sexual experience in younger years. 
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The finding of a significant positive correlation of high levels of sexual 
activity in younger years with greater sexual activity in later years runs 
counter to the popular myth that extensive early sexual experience will lead to 
an early demise of such capacity. Rather, the data support another, more 
scientific notion, that is, the continuity of life style (Busse et al., 1969; 
Havighurst et al., 1969). Persons to whom sex was of great importance early 
in life are more likely to continue sexually active late in life. Persons to 
whom sex was of little importance early in life will be more likely to reach 
an early terminus to their sexual activity late in life. 

In addition, this study reconfirms earlier findings that the extent of an 
aging woman’s sexual activity and interest depends heavily upon the availabil- 
ity to her of a societally sanctioned, sexually capable partner. The average 
life expectancy of women exceeds that of men by seven years (Brotman, 
1971). Women marry men who are on average some four years older than 
themselves (Newman, et al., 1960). Women may thus expect to experience 
an average of eleven years of widowhood. Only a very small proportion of 
widowed women remarry; a much larger percentage of widowed men re- 
marry. With each passing year, women in our society become increasingly 
supernumerary. Thus, according to the 1970 census figures, at age 65 there 
are 138.5 women for every 100 men in the United States, and at age 75 this 
ratio has risen to 156.2 women for every 100 men. It is the authors’ interpre- 
tation that much of the decline in sexual interest among aging women is not 
physiologic but is defensive, that is, protective. It may well be adaptative to 
inhibit sexual strivings when little opportunity for sexual fulfillment exists. 
With advancing age, fewer and fewer women have a sexual partner available. 
The remedy would seem to lie in efforts directed at prolonging vigor and ex- 
tending the life span of men. 
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Chapter 8. Longevity 


Our last set of reports have to do with longevity and death. Aging should 
not be equated with dying. On the contrary, much of the evidence from our 
longitudinal studies indicate that a distinction can be made between normal 
aging processes which produce little decline over long periods of time versus 
those terminal changes which indicate the dying process has begun. 

The first report finds that brain impairment accounts for a rather small 
proportion of the variance in longevity, although there is a significant statisti- 
cal relationship. This finding is related to that in the earlier report that ter- 
minal changes in intelligence occur primarily among aged persons with both 
chronic and acute illnesses. 

That long-term survivors are characterized by high intelligence, sound 
financial status, well maintained health, and intact marriages is the conclusion 
of the second report. The final report, using multiple regression analysis, finds 
that the most important factors in longevity are health maintenance (including 
avoidance of cigarettes), useful and satisfying roles in society, and a positive 
view of life. These factors together account for one-quarter to almost one-half 
of the variance in longevity remaining after age, sex, and race have been con- 
trolled. 


Brain Impairment and Longevity H.Shan Wang and Ewald 
W. Busse 


Brain disorders are very common among elderly persons. They usually 
result from a primary degenerative disease of the brain, from cerebral vascu- 
lar disease or from a metabolic disorder that originates outside the brain. The 
literature is full of reports on the prognosis of brain disorders in the elderly, 
and most of these reports agree that the mortality rate in these cases is high, 
regardless of the cause of the brain disorder (Wang and Whanger, 1971). 
Some brain disorders—for example, those due to a major stroke—are of such 
nature and severity that they constitute an immediate threat to survival. It is 
not clear, however, in what way and to what extent brain disorders also affect 
the life expectancy of individuals who survive the initial stage of a stroke and 
those who have an insidiously progressive brain disorder such as generalized 
cerebral arteriosclerosis or senile or presenile dementia. 


We would like to thank Dr. Carl Eisdorfer for use of the psychological data collected 
by his laboratory, and Dr. Walter Obrist for his contribution in collecting the EEG data. 
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For several reasons, it is difficult to interpret the findings reported in the 
literature. One problem is that almost all these studies were based on patients 
confined to neuropsychiatric institutions. It is well known that many elderly 
persons who have brain disorders are admitted to an institution not because of 
their brain condition but because of a variety of social, psychological, and 
physical factors. Another problem is that patients with brain disorders are in 
general characterized by their advanced age, low socioeconomic background, 
and poor physical health. Very few studies have carefully controlled these 
factors by comparing elderly patients who have a brain disorder with those 
who do not. Without such a comparison, it is impossible to determine whether 
the high mortality rates are due to the brain disorder per se or to one or more 
of many other factors that are characteristic of this group of elderly patients. 
Trier (1966) has shown that institutionalized patients with organic mental 
disorders were on the average, eight years older than those with psychogenic 
mental disorders. When these two groups of patients were matched by age, the 
difference in prognosis, although still significant, was smaller than the differ- 
ence observed when the ages were not matched. 

If brain disorders have a direct effect on longevity, one would expect a 
linear relationship between longevity and the severity of brain impairment. 
The paucity of data on this relationship is due largely to the many difficulties 
encountered in quantifying the severity of brain impairment in vivo. Inability 
to determine the severity of brain impairment and to diagnose accurately the 
type of lesion probably accounts for some of the conflicting results obtained in 
different studies. Out of four studies comparing the longevity of stroke pa- 
tients with that of persons of comparable age in the general population, two 
(Adams and Merrett, 1961; Robinson, Cohen, Higano, Meyer, Lukowsky 
and McLaughlin, 1959) found the mortality higher in the former group, while 
the other two (Pincock, 1957; Eisenberg, Morrison, Sullivan and Foote, 
1964) showed no significant difference between the two groups. Both Roth 
(1955) and Kidd (1962) reported 2 higher mortality in patients with senile 
dementia than in those with cerebral arteriosclerosis; but in the studies carried 
out by Corsellis (1962) and Epstein (1964) opposite results were obtained. 

The present report is based on a longitudinal study of a group of elderly 
community volunteers at the Duke University Center for the Study of Aging 
and Human Development. From findings obtained in this study, we have at- 
tempted to evaluate the usefulness of different indicators of brain impairment, 
several of which are quantifiable, in the prediction of longevity. 


Subjects and Methods 


The subjects were 265 volunteers 60 years of age or older who were main- 
taining an active life in the community. The mean age of this group initially 
was 70.9 years (S.D. + 7.0). All subjects were given thorough examinations 
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by a multidisciplinary team at intervals of about three years; the surviving 
ones have recently completed their sixth examination. 

The condition of the brain was judged on the basis of the EEG findings, 
the neurological examination, and psychological testing. The methods of EEG 
recording and analysis are the same as those previously reported (Wang and 
Busse, 1969). In brief, the electroencephalograms were divided into four cate- 
gories on the basis of dominant background activities: (1) alpha, (2) low- 
voltage fast (LVF), (3) diffuse fast (DF), and (4) diffuse slow (DS). The 
mean occipital dominant frequencies were measured manually. Based on 
symptoms and signs from the neurological examination, patients were classi- 
fied as having evidence of a central nervous system disorder (CNS+) or no 
evidence of such a disorder (CNS— ). 

From the Wechsler Adult Intelligence Scale, the deterioration quotient was 
calculated according to the formula given by Wechsler (1958). This quotient 
indicates the percentage of loss in four “don’t hold” subtests (similarities, 
digit span, digit symbol, and block design) as compared with the four “hold” 
subtests (vocabulary, information, picture completion, and object assembly ). 
We found that the deterioration quotient was independent of education (r = 
0.03). 

Two criteria of longevity—the longevity index and the longevity quotient 
—were employed (Palmore, 1971). The longevity index represents the total 
number of years from the initial study to death. For living subjects, the index 
is the number of years from initial examination to the sixth examination plus 
the expected number of years remaining at the sixth examination based on the 
actuarial life expectancy table (U.S. Public Health Service, 1966). The lon- 
gevity quotient is the ratio between the longevity index and the actuarial life 
expectancy at the time of the initial examination. A longevity quotient greater 
than 1 means that the individual lived longer than expected, and a longevity 
quotient of less than 1 means that he did not live out his life expectancy. 


Results 


The mean longevity index for our community subjects is 12.8 years, and 
the mean longevity quotient, 1.14—respectively 1.6 years and 14 percent 
greater than would be expected on the basis of the actuarial table. As can be 
seen in Figure 8—1, the mean longevity index was definitely shorter in subjects 
who showed electroencephalographic evidence of brain impairment (the “dif- 
fuse slow” group) or clinical evidence of a central nervous system disorder 
(the CNS+ group). These subjects, however, were significantly (about five 
years) older than those without such abnormalities; therefore the difference in 
the longevity quotient, though still statistically significant, was much smaller 
than the difference in the longevity index. 

Table 8—1 summarizes the product-moment correlation coefficient be- 
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Longevity quotient Zz! 


Longevity index (years) [1 





Alpha LVF DOF DS CNS(-) CNS(+) 
EEG background dominant activity Neurological findings 


Figure 8—1. Longevity index and longevity quotient in groups with different 
EEG background dominant activities and neurological findings. The solid 
horizontal line indicates the mean of our community subjects; the dotted 
horizontal line indicates the mean in the general population according to the 
actuarial life table. The statistical probabilities indicate the significance of 
the difference between DS and Alpha groups, or between CNS+ and CNS— 
groups. 


tween longevity indicators and age and brain indicators. As expected, the lon- 
gevity index is significantly correlated with chronological age, while the lon- 
gevity quotient is not. The best cerebral correlate of the longevity index was 
the EEG occipital dominant frequency. The longevity quotient, on the other 
hand, correlated about as well with the WAIS deterioration quotient and the 


Table 8-1. Correlations of age and brain variables with longevity 
(product-moment correlation coefficient). 


Longevity Longevity 
index quotient 
Age — .527** — .035 
EEG occipital dominant frequency .399** .194* 
WAIS deterioration quotient —.203* —.198* 
Neurological evidence of CNS disorder — .273** —.195* 
EEG focal disturbance —.035 — .029 


* Significant at the .01 level. 
** Significant at the .001 level. 
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neurological findings as with the EEG occipital dominant frequency. The focal 
disturbances that appear predominantly over the left anterior temporal area 
in the EEG showed no correlation with either of the two longevity indicators. 

By stepwise multiple regression analysis (Table 8—2), we found that the 
combination of three brain indicators (EEG frequency, deterioration quotient, 
and neurological findings) did improve the correlation with both the longevity 
index and the longevity quotient, the respective correlation coefficients being 
0.48 and 0.32. These three brain indicators together, however, account for 


Table 8-2. Stepwise regression analysis of brain variables 
with longevity index and longevity quotient. 


Multiple Cumulative 
correlations(r) variance (r?) 


Correlation with longevity index 
EEG occipital dominant 


quotient -399 15.9 
WAIS deterioration quotient .443 19.6 
Neurological evidence of 
CNS disorder -482 2382. 
Correlation with longevity quotient 
WAIS deterioration quotient .198 3.9 
Neurological evidence of 
CNS disorder .288 8.3 
EEG occipital dominant 
frequency 319 10.2 


only 23 percent of the variance in the longevity index and 10 percent of the 
variance in the longevity quotient. 


Discussion 


The data from our group of elderly community volunteers indicate that 
there is a significant statistical relationship between brain impairment and lon- 
gevity. The more severe the brain impairment (as revealed by electroen- 
cephalographic, psychometric, and neurological examination), the shorter the 
subject’s longevity. The correlation between brain impairment and longevity 
index is better than that between brain impairment and longevity quotient. 
This is expected because the longevity index and brain impairment are both 
age-dependent while the longevity quotient is an indicator that has already 
been adjusted for age. 

Alone or together, however, indicators of brain impairment account for 
only a rather small proportion of the variance in longevity. Analysis of our 
data indicates that physical functioning, happiness and work satisfaction also 
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play an important role in longevity (Palmore, 1969a, 1969b). From a clinical 
point of view therefore, we should not use the degree of brain impairment 
alone, particularly when based on a single examination, to predict the outcome 
of any elderly person. The common belief that all elderly persons with brain 
impairment have a poor prognosis is clearly unjustified. 
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Survival in Old Age Eric Pfeiffer 


Purpose of the Study 


Goldfarb has found four characteristics associated with mortality among 
institutionalized elderly persons: (a) psychiatrically determined chronic brain 
syndrome of severe degree; (b) high proportion of errors in a brief mental 
status exam; (c) diminished capacity for self-care and mobility; and (d) in- 
continence (1969). Quint and Cody, on the other hand, found that prominent 
men over 45 listed in Who’s Who had a mortality which was 30 percent below 
that of white males of like age in the general population (1968). In a similar 
vein, statisticians of the Metropolitan Life Insurance Company have reported 
that death rates from heart disease, one of the major causes of death in old 
age, was substantially lower among Standard Ordinary policyholders than 
among Industrial policyholders (1967). Standard Ordinary policyholders are 
drawn chiefly from urban middle and well-to-do classes engaged in the profes- 
sions, in business, trade, and clerical occupations. Industrial policyholders are 
mainly members of wage-earning families in the lower income brackets. 

The present study seeks to discover physical, psychological, and social 
factors which differentiate short-term from long-term survivors among elderly 
persons living in the community. Simultaneously, this study becomes a com- 
parison between elite and nonelite groups of aged individuals. The study is an 
outgrowth of the larger interdisciplinary research on age-related changes, be- 
gun at the Duke University Center for the Study of Aging and Human Devel- 
opment in 1954 and still in progress. An overall description of the larger study 
is found elsewhere (Palmore, 1970). 


Sample and Methods 


In a previous longitudinal study which focused on sexual behavior in old 
age and which utilized a sample of some 260 community volunteers, a sub- 
group of 39 individuals (20 men and 19 women) was identified who showed 
the following characteristics: they had given codeable responses to interview 
questions about their sexual activity and sexual interest, on each of four sepa- 
rate examinations over a period of ten years (Pfeiffer, 1969). When these 
subjects were studied more closely, it became apparent that they represented 
a kind of physical, psychological, and social elite, in comparison with the en- 


Reprinted by permission from the Journal of the American Geriatrics Society, 18:4:273- 
285, 1970. 
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tire panel of subjects from which they had been drawn. In addition, these 39 
subjects, whose average age was 67 at the start of the study, by virtue of sur- 
viving for at least ten more years, also represented a longevous elite. This ob- 
servation became the starting point for the present study. 

In this study we wished to compare this relatively long-lived elite with a 
group of subjects, drawn from the same panel and matched for age and sex, 
who represented the opposite extreme with respect to longevity. For this pur- 
pose we first selected the 39 subjects (20 men and 19 women) who had been 
the earliest to die following entry into the study. This procedure caused prob- 
lems, since the average age at the start of the study in the group thus chosen 
was significantly greater for both the men and for the women than for the cor- 
responding longevous groups. Since none of the persons in the longevous 
group had reached age eighty at the time of the start of the study, we there- 
fore chose the 20 men and 19 women below age 80 who were the first to die. 
Using this procedure, the average age of the longevous males was 68 years 
and of the short-term surviving males was 71 years, a difference which was no 
longer statistically significant. However, we still had statistically significant age 
differences between the two groups of women. In order to include women of 
more comparable age, we eliminated the two youngest women among the lon- 
gevous group and the two oldest women in the short-lived group, thus re- 
ducing the number of women in each group from 19 to 17. The average age 
of these two groups was 66 for the longevous women, and 68 for the women 
with short-term survival, a difference no longer statistically significant. 

To assure comparability, only data collected during the first examination 
were utilized in this study. For while all of the subjects in the longevous 
groups were studied on four different occasions, the majority of the short- 
lived subjects were studied only once. 

Throughout the study, long-lived women are compared only with short- 
lived women, and long-lived men with short-lived men. It is well known that 
sex has a major determining influence on life expectancy as well as on a num- 
ber of the other factors which were examined. Thus, analyses were carried out 
on the following groups: 


17 long-lived women 
17 short-lived women 


20 long-lived men 
20 short-lived men 


The average interval from entry into the study to the time of death was 
2.42 years for the short-lived men, 5.5 for the short-lived women. All of the 
long-lived men and women remained alive for at least 10 years following entry 
into the study, and all but one of those selected into the long-lived group are 
still alive at the time of this writing (July 1969). 

The tests of significance used in this study were: the ¢ test, when compari- 
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sons among means were involved; the Kendall rank correlation coefficient, 
when ordinal distributions were compared; and the chi-square test, when 
nominal distributions were compared. In the multiple regression analysis, the 
F test was used to determine significance levels. 


Health Factors 


Attention is focused first on health factors. To facilitate comparison with 
results reported in a recent paper by Ryser and Sheldon (1969), data with 
respect to self-assessment of health status are presented first. 

Subjects were asked: “How would you rate your health at the present 
time?” (Self-Health Rating). Responses were classified into three categories, 
as follows: 


excellent 
1. excellent for my age 
good 


good for my age 
2. fair 
fair for my age 


very poor 
poor 


Results for the four groups are presented in Table 8-3. 


Table 8-3. Self-health rating. 


Long-lived Short-lived 

N % N % D 
1 12 71 a 41 Women 
2 5 29 6 35 <.01 
3. Og AO, pga A oy 

17 100 17 100 
Ae 14 70 5 25 Men 
De 5 25 9 45 <.001 
3. ie 

20 100 20 100 


Subjects were also asked: “How concerned do you feel about your health 
troubles?” (Self-Health Concern). Responses were classified into three cate- 
gories, as follows: 


1. not concerned 
2. moderately concerned 
3. very concerned 


Results are presented in Table 8—4. 
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Table 8-4. Self-health concern. 


Long-lived 
N % 
1 11 65 
De 5 29 
3 ide Sn 
17 100 
ie 10 54 
De 6 35 
3 nue iat 
17 100 


Short-lived 
N % 


56 
38 
6 


100 


Sl ane 


37 
47 
16 


100 


Slwor 


Women 
NS 


Men 
<.05 


Subjects were also asked: “How many days did you spend in bed last year 
because of not feeling well?” (Days in Bed). Responses were classified into 


three categories, as follows: 


1. no days in bed 
2. a few days in bed 


3. 2 to 4 weeks in bed, up to “all the time” 


Results are presented in Table 8—5. 


Table 8-5. Days in bed. 


Long-lived 
N % 
ie 8 50 
De 6 38 
3 ee 
16 100 
1 16 80 
Ds 3 15 
3. slbener 5 
20 100 


Short-lived 


N % 
9 54 
4 23 

4 2 

17 100 

10 59 
4 23 

3 8 

17 100 


Women 
NS 


Men 
<.05 


Subjects were also asked: “How much do your health troubles stand in the 
way of your doing the things you most want to do?” (Degree of Limitation). 


Responses were classified into three categories: 


1. no limitation 


2. some limitation (mild to moderate) 


3. a great deal of limitation (severe) 
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Results are presented in Table 8—6. 


Table 8-6. Degree of limitation. 


Long-lived Short-lived 

N % N % p 
1B 4 33 3 37 Women 
Ds iT 58 3 37 NS 
3. ie 2 

12 100 8 100 
16 7 50 2 14 Men 
De 6 43 8 57 <.001 
3. 1 a 4 22 

14-100 14-100 


As can be seen from these four tables, the majority of long-lived and 
short-lived women saw themselves in relatively good health, admitting to little 
or no limitation in their functioning. This finding is in agreement with those of 
Ryser and Sheldon (1969), and of Shanas and her associates (1968). The 
Self-Health Rating was the only measure which differentiated the two groups 
of women. 

While the majority of long-lived men also saw themselves in relatively 
good health, the same was not true for the short-lived men. On three out of 
the four health measures used, the short-lived men rated their health as signifi- 
cantly poorer than did the long-lived men. Heyman and Jeffers had previously 
found similar relations of health to survival (1963). 

The self-assessments of health status presented thus far are relatively static 
measures, requiring subjects to rate themselves only at one point in time. 
These measures are not very successful in differentiating short-lived from 
long-lived women, and are only moderately successful in differentiating similar 
groups of men. We therefore wondered whether a measure which required the 
subjects to make a longitudinal assessment of their health might be a more 
sensitive indicator of remaining life expectancy. This was in fact the case. The 
subjects were asked: “Is your health better or worse now than it was when 
you were 55 years of age?” (Self Rating of Health Change). The responses 
were classified as follows: 


1. better 
2. the same 
3. worse 


The results of this analysis are presented in Table 8~7. The majority of per- 
sons who have only a short number of years left perceive their health as 
having declined since age 55, while only a few of the long-lived persons do so, 
a difference which is statistically significant at the .01 level for the women and 
the .001 level for the men. 
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Table 8-7. Self-rating of health change. 


Long-lived Short-lived 

N % N % Pp 
i 8 47 1 6 Women 
DF 3 18 7 41 <.01 
3 6 35 ee 

17 100 il7/ 100 
1 6 30 0 0 Men 
Ds 9 45 4 20 <.001 
3. 5 25 16 ie 

20 100 20 100 


We also had available on each subject an “objective” health measure, the 
“physical functional rating.” This rating was based on the physical examina- 
tion and on the examining physician’s assessment of pathology and disability. 
Physical functional ratings were classified as follows: 


1. no pathology 
pathology; no disability 
disability, mild 0-20% 


2. disability, moderate 20-50% 
disability, severe 50-80% 
total 80-100% 


The results are presented in Table 8-8. As can be seen, this “objective” 


measure is not associated with survival in the groups of women and has a rela- 
tively low but significant association with survival in the groups of men. 


Table 8-8. Physical function rating. 


Long-lived Short-lived 
7 N % Dp 

ie 10 59 10 59 Women 
2 E . aioli? wo Sita 

7) 100 7 100 
Je 12 63 8 40 Men 
2 aa ee 

19 100 20 100 


It is of interest that the various health measures seem to have greater pre- 
dictive value for the men than for the women. This may be related to the fact 
that the short-lived men on average were significantly nearer death than were 
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the short-lived women at the time these measures were taken (2.42 versus 
5.50 years). 


Intelligence Test Scores 


Mean intelligence test scores for the long-term survivors were significantly 
greater than for short-term survivors. This was true for the Verbal, Perform- 
ance, and Full Scale Weighted Scores of the Wechsler Adult Intelligence Scale 
(WAIS). This finding is thus in agreement with those of Jarvik and Falek 
(1963) and of Riegel, Riegel, and Meyer (1967) (Table 8-9). 


Table 8-9. Intelligence test scores. 


Means Long-lived Short-lived f Dp 

Women 

Verbal 66.58 46.17 2.96 <.01 

Performance 35.70 24.47 2.65 <.02 

Full Scale 102.29 70.64 2.95 <.01 
Men 

Verbal 63.85 48.30 2.58 <.02 

Performance 31.35 21.26 2.65 <.02 

Full Scale 95.20 70.42 2.59 <.02 


Education 


The mean number of years of education was greater for the long-term sur- 
vivors than for the short-term survivors. The difference was statistically sig- 


nificant among the women and approached significance among the men 
(Table 8-10.) 


Table 8-10. Years of education. 


Long-lived Short-lived t Pp 
Women 12.23 8.41 2.18 <.05 
Men 11.65 7.60 1.94 NS 


Social Factors 


In order to obtain a subjective indication of the subjects’ economic situa- 
tion, they were asked: “How would you describe your present financial posi- 
tion in life?” (Financial Self-Rating). Responses were categories as follows: 
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1. wealthy 
well-to-do 
2. comfortable 


3. enough to get along 
can’t make ends meet 


As can be seen from Table 8—11 there was no significant difference in finan- 


Table 8-11. Financial self-evaluation. 


Long-lived Short-lived 


N % N % D 
Le 1 6 0 0 Women 
De 9 53 10 59 NS 
3. aa ee 

17 100 17 100 
le 0 0 0 0 Men 
2, 14 70 4 20 <.001 
3 6 330) ign lo ed 

20 100 20 100 


cial self-assessment between the two groups of women, but there was a very 
significant difference in financial self-assessment between the two groups of 
men, with 80 percent of the short-lived men ranking themselves at the lower 
end of the continuum. 

Subjects were also asked: “Are you in a better or a worse position finan- 
cially now than you were at age 55?” (Financial Self-Evaluation Change). 
Responses were categorized as follows: 


1. better now 
2. about the same 
3. worse now 


Results are presented in Table 8-12. The two groups of women did not differ 


Table 8-12. Financial self-evaluation change. 


Long-lived Short-lived 

N % N % D 
1 9 53 9 56 Women 
2 1 6 3 19 NS 
3 7 AA a es 

v7; 100 16 100 
i 9 45 5 25 Men 
2 5 25 3 15 <.01 
3. Seer (pig a 

20 100 20 100 
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from each other in this analysis, but the two groups of men differed 
significantly, with the short-lived group of men showing significantly greater 
worsening of their financial status since age 55. 


Occupation 


As a rough but relatively objective indicator of socioeconomic status, sub- 
jects were categorized according to whether their principal occupation (or 
their husband’s principal occupation, in the case of married or formerly mar- 
ried women) had been manual or nonmanual. Significantly fewer long-lived 
women were found in the manual category. The difference between the groups 
of men was in the same direction, but barely missed attaining statistical sig- 
nificance (Table 8-13). 


Table 8-13. Occupation. 


Long-lived Short-lived 

N % N % Pp 
Nonmanual 13 76 5 29 Women 
Manual 4 _24 12 ich <.01 

17 100 17 100 
Nonmanual 14 70 8 40 Men 
Manual AS 580) 12 60 NS 

20 100 20 100 


Marital Status 


Among the short-lived women the proportion of those not married was 
significantly greater than in the long-lived group. Among the two groups of 
men the trend was in the same direction but did not attain statistical signifi- 
cance. The results are presented in Table 8-14. 


Table 8-14. Marital status. 


Long-lived Short-lived 

N % N % Pp 
Married 12 71 3 29 Women 
Nonmarried 5 29 12 71 <.05 

17 100 17 100 
Married 19 95 15 75 Men 
Nonmarried 1 5 5 25 NS 


20 100 20 100 
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Other Factors 


The racial distribution of the two long-lived groups did not differ signifi- 
cantly from that of the short-lived groups. The several groups were also com- 
pared, using a series of attitude and activity measurements. Only a few of 
these measurements were able to differentiate significantly short-term from 
long-term survivors, and the relatively meager average results are not included 
in this article. 


Longevity Index and Longevity Quotient 


Palmore, working with data from the Duke longitudinal study, has recently 
developed two new concepts which are of interest in connection with the 
present study: the longevity index and the longevity quotient. The longevity 
index is defined as follows: the number of years from the time of entry into 
the study to death, for those subjects who have already died; or, the number 
of years from the point of entry into the study up to the present, plus the ex- 
pected remaining years, based on current life expectancy tables, for subjects 
still alive. For the four groups in the present study the means of the longevity 
indices were as follows: 


long-lived women 19.30 years 
short-lived women 5.50 years 
long-lived men 17.22 years 
short-lived men 2.42 years 


The longevity quotient is defined as follows: the longevity index divided 
by the number of years the subject was expected to remain alive at the time of 
entry into the study. Thus, it is a measure of whether a subject lived a longer 
or a shorter time than would have been actuarially expected at the time of 
entry into the study. Thus, a longevity quotient of greater than 1.00 is indica- 
tive of longer than expected survival, a value of less than 1.00 is indicative of 
shorter than expected survival. The mean longevity quotients for the four 
groups were as follows: 


long-lived women i352 
short-lived women 0.44 
long-lived men 156 
short-lived men 0.24 


These findings merely confirm that polar groups were indeed chosen in con- 
stituting the sample. 
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Multiple Regression Analysis 


Having found a number of variables which significantly differentiated 
short-term from long-term survivors, we were of course interested in deter- 
mining which of the variables contributed most to the variance observed and 
which did so independently. To accomplish this, a multiple stepwise regression 
analysis was carried out, using the longevity index (defined above) as the de- 
pendent variable. The findings are presented in Table 8-15. 


Table 8-15. Multiple stepwise regression analysis of selected variables with 
longevity index. 


Zero order Cumul. 
Variable corr. Multiple R var. Add. var. 
Women 
Full Scale Wtd. WAIS Score 0.42 0.42 0.18 0.18 
Self-health change 0.40 0.52 0.27 0.09 
Marital status 0.39 0.56 0.31 0.04 
Physical function rating —0.31 0.59 0.35 0.04 
Financial status change —0.02 0.60 0.36 0.02 
Performance Wtd. WAIS Score 0.41 0.61 0.37 0.01 
Self-health rating 0.24 0.61 0.37 0.00 
Financial status 0.23 0.62 0.38 0.01 
Socioeconomic status — 0.33 0.62 0.38 0.01 
Men 
Financial status 0.53 0.53 0.28 0.28 
Self-health change 0.51 0.61 0.37 0.09 
Physical function rating — 0.46 0.66 0.44 0.07 
Financial status change 0.21 0.70 0.49 0.05 
Marital status 0.33 0.72 0.52 0.03 
Verbal Wtd. WAIS Score 0.34 0.73 0.53 0.01 
Socioeconomic status —0.17 0.76 0.58 0.05 
Self-health rating 0.44 0.76 0.58 0.00 
Performance Wtd. WAIS Score 0.36 0.76 0.58 0.00 


For the women in this study, Full Scale Weighted WAIS Score, perception 
of health change, marital status, physical functional rating, and change in 
financial status, in that order, contributed most significantly to the variance in 
longevity, and together these five factors accounted for 36 percent of the total 
variance observed. 

For the men in the study, the findings were similar though by no means 
identical. Financial status, perception of health change, physical functional 
rating, change in financial status, and marital status, in that order, contributed 
most significantly to the variance in longevity, and together these five factors 
accounted for 52 percent of the total variance observed. 

A number of other factors (Performance Weighted WAIS Score and oc- 
cupational status for the women, and self-health rating and Verbal and Per- 
formance Weighted WAIS Scores for the men) were also significantly cor- 
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related with longevity but did not make a significant independent contribution 
to the total variance in longevity. 


Conclusions 


The present study, utilizing subgroups of a panel of community volun- 
teers, has presented evidence to suggest that group characteristics of long- 
term survivors differ sharply from those of short-term survivors in old age. It 
further suggests that there is no single factor which determines longevity but 
rather a constellation of biological, psychological, and social factors, amount- 
ing to what may best be described as elite status. Persons with high intelli- 
gence, sound financial status, well-maintained health, and intact marriages, 
may be expected to live significantly longer than their less intelligent and 
poorer brothers and sisters whose health is also declining and whose mar- 
riages are no longer intact. It is lamentable that many of the factors which we 
have identified as contributing to longevity are not readily subject to indi- 
vidual, social, or political manipulation, with the possible exception of finan- 
cial factors. It is hoped that investigations in other parts of the country and 
with differing populations of elderly people may be able to determine whether 
the hypotheses put forward here apply to elderly persons generally. It would 
also be interesting to know if these factors are similarly important in influ- 
encing survival at other stages of the life cycle. 
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Predicting Longevity: A New Method Erdman Palmore 


In earlier articles, we reported that the use of physical, mental, and social 
examinations can substantially improve the accuracy of longevity predictions 
compared to actuarial life expectancy predictions, and that the relative im- 
portance of these factors varied between different age, sex, and race cate- 
gories (Palmore, 1969a; Palmore, 1969b; Palmore, 1971; Palmore and Stone, 
1973). The present paper reports on a new method of analysis which sub- 
stantially improves the accuracy of these predictions by maximizing the num- 
ber of variables and cases that are included. 


Methods 


The sample on which these predictions are based are the 271 community 
volunteers, aged 60-94 at the initial examination in the period 1955-1959. 
The longevity quotient (LQ) is the measure of longevity used in this study. 
The LQ is the observed number of years survived after initial examination, 
divided by the actuarially expected number of years to be survived after ex- 
amination based on the person’s age, sex, and race. For those who were still 
living (about one third of the panel), an estimate was made of how many 
years they will have lived since initial testing by adding the present number of 
years survived since initial testing to the expected number of years now re- 
maining according to actuarial tables. Thus, an LQ of 1.0 means that the per- 
son lived as long as expected, an LQ greater than 1.0 would mean that he 
lived more than expected, and an LQ of less than 1.0 would mean that he 
lived less than expected. For example, if a man lived 15 years after initial 
examination and had an actuarial expectancy of only 10 years, his LQ would 
be 1.5. Since the LQ standardizes for the known effects of age, sex, and race, 
it allows the analysis to concentrate on the relative importance of the physical, 
mental, and social factors on longevity once the age, sex, and race related life 
expectancy has been allowed for. Thus, it should be remembered that all of 
the variance explained in the present multiple regression analysis represents 
an increase in predictive accuracy over and above the predictive ability of age, 
sex, and race related life expectancy tables. 

Previous analysis indicated that there were about 20 variables measured 
at the initial examination which had substantial correlations with longevity. 
The new method of analysis of these 20 predictor variables was to enter them 
into a stepwise multiple regression procedure which maximizes the number of 
cases used in each correlation through the use of pair-wise deletion for missing 
data. The previous method of multiple regression analysis required that each 
case which had any missing data on any one of the variables be dropped from 
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the entire analysis. This resulted in the necessity of omitting certain variables 
for which there were frequently missing data, and a substantial reduction in 
the number of cases that were usable for the other correlations. The new 
method of analysis resulted in an overall proportion of variance explained 
which is 59 percent higher than in the earlier method. The proportion of vari- 
ance explained more than doubled among men in their 60s and women in 
their 70s. 

The significant predictors of longevity that emerged from this analysis will 
be described in the order in which they appear in Table 1. 

Cardiovascular disease was a rating by the examining physician based on 
his examination, the electrocardiograph, and the medical history. The scores 
used in this analysis range from O (definite heart disease, severe symptoms) 
to 9 (no cardiovascular disease). 

The work satisfaction scale awards 1 point for agreement with each of 3 
positive statements (I am happy only when I have definite work to do; I am 
satisfied with the work I now do; I do better work now than ever before) and 
for disagreement with each of 3 negative statements (I can no longer do any 
kind of useful work; I have no work to look forward to; I get badly flustered 
when I have to hurry with my work). 

Cigarette smoking is a scale with the following scores: 0 = Any cigarette 
smoking within the last year; 1 = Other forms of tobacco used in the last year; 
2 = No tobacco use in the last year; and 3 = Never used tobacco. This scale 
was found to correlate more highly with longevity than alternate scales based 
on the amount of tobacco currently consumed. 

Physical functioning is a score given by the examining physician based on 
the medical history, the physical examinations, X-rays, electroencephalogram, 
electrocardiogram, and laboratory studies of the blood and urine. The scores 
as used in this analysis range from 1 for total disability to 6 for no pathology. 

The happiness rating is a score given by the social worker for the amount 
of happiness and contentment, ranging from 0 for unhappy, discontented, 
worried, to 9 for very happy, great contentment. 

The health self rating was a 9 point scale based on the subject’s evaluation 
of his own health ranging from 1 for very poor to 8 for excellent. 

The performance IQ is made up of tests on digit symbols, picture com- 
pletions, block designs, picture arrangement, and object assembly from the 
Wechsler Adult Intelligence Scale. The performance intelligence quotient re- 
sults from dividing the observed score by the expected score for a person of a 
given age. 


Findings and Discussion 


Table 8—16 presents the results of the stepwise regression analysis, show- 
ing the significant predictors of the LQ (those predictors which increase the 
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Table 8-16. Stepwise regression of significant predictors* with longevity quotient 
by age and sex. 


Proportion of total 
Predictor Correlation (r) Slope (beta) variance(r X beta) 


Total panel (N = 271) 


Cardiovascular disease 41 08 ale 
Work satisfaction ai all's! .04 
Cigarette smoking 19 14 .03 
Physical function 32 aS .05S 
Happiness rating ae 2 .02 
Total with 5 predictors By 27 
Men aged 60-69 (N = 54) 
Cigarette smoking 48 -46 Ze 
Cardiovascular disease 38 35 aS 
Work satisfaction -40 24 10 
Total with 3 predictors .67 45 
Men aged 70+ (N = 72) 
Cardiovascular disease “5 45 pe 
Work satisfaction .32 2S .08 
Health self rating 47 oD, 10 
Total with 3 predictors .66 .43 
Women aged 60-69 (N = 65) 
Cardiovascular disease -48 37 18 
Physical function 45 .33 mL 
Total with 2 predictors soi 33 
Women aged 70+ (N = 68) 
Happiness rating .38 .29 eal 
Socioeconomic status -16 ey .04 
Performance IQ .29 .25 .07 
Total with 3 predictors 48 222, 


* Only variables which increased the variance accounted for by an amount significant at 
the .05 level were included in this table. 


variance accounted for by an amount significant at the .0S level of signifi- 
cance). The table presents a separate regression analysis for the total panel 
and for the age-sex subgroups. The first column of the table presents the zero- 
order correlations, so that one can see how strongly associated each of the 
predictors are with the LQ when the variable is considered by itself. The sec- 
ond column presents the standardized slope (beta weight) for each predictor, 
so one can see the relative influence of each predictor on the LQ when all the 
others are considered simultaneously. The last column presents the proportion 
of the total variance accounted for by each variable, estimated by multiplying 
the correlation (r) times the slope value (beta). This estimate of variance 
explained by each variable is not influenced by the order in which the vari- 
ables were entered into the equation, but considers all the variables simul- 
taneously. 

In the total panel, it is clear that the cardiovascular disease rating is by far 
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the strongest predictor of longevity, whether it is considered singularly or in 
combination with the other significant predictors. The correlation of cardio- 
vascular disease with the LQ is substantially higher than any others and it 
alone explains about one-half of the amount of variance explainable by all 
five predictors. This reflects the fact that cardiovascular disease is by far the 
greatest killer among both men and women in this age group. 

More suprising is the fact that a social-psychological variable, work satis- 
faction, is the second strongest variable to enter the regression equation. The 
fact that work satisfaction remains as a relatively strong predictor even when 
the other four variables are taken into account simultaneously, indicates that 
its association with longevity cannot be explained by some secondary associa- 
tion with cardiovascular disease or other aspects of physical function. This 
suggests that maintaining a satisfying and meaningful social role may con- 
tribute to longevity by providing physical exercise, intellectual stimulation, 
gratifying and supportive social relationships, and a general motivation to take 
care of one’s self and increase his longevity. 

The third variable to enter the regression equation is cigarette smoking. 
This presumably reflects the well-known relationship between cigarette 
smoking and cancer as well as cardiovascular diseases. Cigarette smoking be- 
came the single strongest predictor of longevity among the men in their 60s, 
apparently because there was greater cigarette smoking in this age-sex group 
compared to the older men and the women. 

General physical functioning also was a strong predictor of longevity, in- 
dicating that diseases and impairments in areas other than cardiovascular have 
independent and significant effects on longevity. 

The final significant predictor of longevity among the total group was the 
happiness rating made by the social worker. This indicates that one’s overall 
mental attitude may have a significant psychosomatic effect on longevity. For 
example, there is considerable evidence that high levels of anxiety, depression, 
or “nervous tension” may have detrimental effects on ulcers and hypertension. 

The total multiple correlation using all five significant predictors is .52, 
meaning that .27 or just over one quarter of the total variance in the LQ can 
be explained by these five variables. It should be recalled that the longevity 
quotient measures only the variance remaining after the effects of age, sex, 
and race are removed. Also, the table shows that the proportion of variance 
explained among men is almost double the amount explained in the total 
group, indicating that these predictors are more closely associated with lon- 
gevity among men than among women. For example, among the men under 
70, cigarette smoking and work satisfaction have much higher correlations 
and explain much more of the variance than in the total group (which in- 
cludes women). 

Among the men over 70, cardiovascular disease has the highest correla- 
tion of any single variable in any age-sex group (.55). This presumably re- 
flects the fact that men over 70 are in the age-sex group with the highest rate 


Palmore: Predicting longevity: Anew method 285 


or mortality for cardiovascular disease. Nevertheless, work satisfaction is still 
the second strongest variable to enter the regression equation among these 
older men and seems to indicate the continuing importance of meaningful 
social roles for the longevity of older men. 

Among the women under 70, cardiovascular disease and physical function 
are the only two significant predictors, and they seem to have about equal 
strength. Among the women over 70, the happiness rating is the strongest 
single predictor followed by performance IQ and socioeconomic status. This 
seems to indicate that among women who survive beyond 70, social-psycho- 
logical factors are relatively more important as predictors of longevity than 
the physical health measures. 


Summary 


A new method of analyzing predictors of longevity among the 271 volun- 
teers aged 60 and over at initial testing showed that cardiovascular disease, 
work satisfaction, cigarette smoking, physical function, and happiness ratings 
were the five strongest and significant predictors of longevity when the effects 
of age, sex, and race are controlled by the use of a longevity quotient. Ciga- 
rette smoking was the strongest predictor among the men in their 60s, work 
satisfaction was a stronger predictor for men than for women, and social- 
psychological variables seem more important than physical variables among 
the women in their 70s. 

For the total panel, the multiple correlation was .52 indicating that over 
one quarter of the variance remaining after age, sex, and race are controlled 
can be accounted for by these predictors. The amount of variance explained 
increases to almost one half among the men. Compared to the earlier method, 
this new method of pair-wise case deletion results in substantial increases in 
variance explained. 

While the new method of analysis reported in this paper results in higher 
correlations, the findings tend to generally support our earlier conclusion that 
the most important ways to increase longevity are: maintain a useful and sat- 
isfying role in society, maintain a positive view of life, maintain good physical 
functioning, and avoid smoking cigarettes. 
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Chapter 9. Summary 


Erdman Palmore 


Before summarizing the findings of this volume, it may be worthwhile to 
spell out some of the standard cautions one should bear in mind when evalu- 
ating such data. First, the samples studied are somewhat unrepresentative of 
the universe from which they were drawn. The older longitudinal study was 
drawn from a pool of volunteers to approximate the demographic composi- 
tion of Durham, but they were volunteers nevertheless and therefore differed 
in various ways from a strict cross-section of Durham. The Adaptation Study 
was based on a probability sample of members of the local health insurance 
association, but we were able to get the participation of only half those eligi- 
ble. While the participants appear similar to nonparticipants in basic charac- 
teristics, they undoubtedly differ in some ways (See Appendix A). In general, 
the two samples appear to underrepresent the poorer, sicker, and less able 
members of the community. We can only guess how our findings might change 
if we were able to get more representative samples. 

Second, the universe from which the samples were drawn was limited to 
fairly normal middle-aged and older persons living in the Durham area. We 
do not know how well our findings might apply to other areas or to less nor- 
mal persons such as the institutionalized, although some of the reports discuss 
this through comparison with other studies. 

Third, there are usually errors of measurement, coding, and processing 
that creep into the data despite our best efforts to catch and correct them (See 
Appendix B). There is also the problem of interpreting some chance fluctua- 
tion as significant, or on the other hand, of ignoring an important finding be- 
cause the numbers were small. 

A last caution is the old maxim: “Association does not prove causation.” 
We had no classical experiments in these studies because we wanted to study 
the aging process in its natural state. On the other hand, it is true that associa- 
tions which persist with proper controls do provide evidence that a causal re- 
lationship may exist. 


Propositions 


Keeping in mind these cautions, we will summarize the major findings of 
these reports in the form of 37 propositions about normal aging among per- 
sons over 45 living in the community. 
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A. Physical Aging 

1. Aging is related to an overall drop in immunoglobulin concentration as 
well as to a marked increase in its variability. 

2. Asteatosis and scrotal angiomas increase with age, while nevi decline. 

3. Asteatosis, scrotal angiomas, and nevi are related to shorter longevity. 

4. There is a marked longitudinal decrement in best corrected vision, as 
well as a marked increase in glaucoma and cornea guttata. 

5. There are significant associations between poor vision and several so- 
cial variables, but not between vision and longevity. Also there is little asso- 
ciation between specific conditions and social variables or longevity. 

6. Hearing acuity diminishes with increasing age at about the same rate 
for those 60—69 as for those 70-79. 

7. Women have better hearing than men in the higher frequencies, but 
men have better hearing than women in the normal speech frequencies. 

8. Blacks, and particularly black men, have better hearing than whites. 


B. Health Care 

1. Medicare brought little overall increase in physicians’ visits and hos- 
pitalizations, but there was some increase among lower income persons, and 
there was a marked shift to meeting medical expenses with health insurance. 

2. Health practices such as exercise, weight control, and avoiding ciga- 
rettes contribute to better health and longevity. 

3. A substantial majority of aged persons tend to agree with physicians’ 
ratings of their health throughout repeated examinations, although there are 
more aged who overestimate their health than who underestimate it. 

4. Among the aged, vitamin By. levels are not lower in older groups, but 
are higher after age 90, and higher among blacks. 

5. Overweight middle-aged persons tend to have greater cardiovascular 
disease risk as shown by elevated blood pressure, higher serum triglyceride 
levels, and EEG evidence of cardiovascular disease. 

6. Anxiety before a medical examination tends to decline during and after 
the examination, with women having greater anxiety than men before the ex- 
amination by a male physician. 


C. Mental Aging 

1. Cognitive decline among the aged is usually secondary to some patho- 
logic process such as hypertension. 

2. Among the aged who survive ten years beyond initial testing, those 
initially aged 60-69 have only slight cognitive decline, but those initially aged 
70-79 have larger declines. 

3. Terminal declines in intelligence occur primarily among those suffering 
both chronic and acute illness. 

4. Decline of intellectual functioning among the aged is related to slow 
EEG frequencies, low cerebral blood flow, and perhaps to focal abnormalities. 
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5. EEG occipital frequencies tend to decline with age, but there are sub- 
stantial variations in different demographic groups. 

6. Reaction time increases with age, but percent correct detections are 
similar throughout the middle years. 


D. Mental Illness 

1. Brain impairment tends to occur more among those with decompen- 
sated heart disease, those with lower socioeconomic status, and those with 
fewer activities. 

2. Mild elevation of blood pressure may help to preserve the brain in 
some aged persons. 

3. Depression and poor health are closely related and tend to reinforce 
each other. 


E. Social Roles and Self Concepts 

1. Older drivers have relatively good health, a realistic appreciation of 
their limitations, and are able to maintain more activities and life satisfaction 
than ex-drivers. 

2. Widowhood produces little or no long-term reduction in activities, atti- 
tudes, adjustment, or health. 

3. Self-rated health is the most important factor in life satisfaction, but 
organizational activity, internal control, performance status, and productivity 
make additional contributions to satisfaction in middle age. 

4. Older persons and women tend to view time as moving rapidly and to 
be more accepting of death than are the middle aged and the men. 

5. Discrepancies between the real and apparent self-images tend to in- 
crease with age, separation from children affects women more than men, and 
nonworking affects both sexes but men have more problems with discrepancy 
than women. 

6. Self-image is generally affected more by changes in job status than by 
changes in relationship to one’s children, but men are more disturbed by these 
changes than are women. 

7. Differences in self concepts can largely be accounted for by differences 
between aspirations and the resources to fulfill aspirations. 


F. Leisure and Sexual Behavior 

1. Middle aged men are more work oriented than leisure oriented. 

2. Men 66-71 experience more difficulty with unwanted leisure than 
younger men, while 46-55 complain more of having too little leisure time 
than other women. 

3. Although sexual interest and activity are lower in older age groups, sex 
continues to play an important role in the lives of most men and the majority 
of women through the seventh decade of life. 

4. Male sexual activity and interest are mainly influenced by past sexual 
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experience, age, health, and social class, whereas women are more influenced 
by marital status in addition to age and past experience. 


G. Longevity 

1. Brain impairment accounts for a small but significant amount of the 
variance in longevity. 

2. Long-term survivors, when compared with a matched group of non- 
survivors, are more intelligent, healthier, have better incomes, and more intact 
marriages. 

3. The most important overall factors in longevity among the aged are 
health maintenance (especially avoiding cigarettes), maintaining a useful and 
satisfying role, and a positive view of life. 


Themes 


When we review these specific findings on normal aging, some general 
themes emerge which tie together findings from several substantive areas. The 
summary chapter of the first Normal Aging volume pointed out five such 
themes. The same themes are echoed and extended in this volume: 

1. Advantages of longitudinal and interdisciplinary study of aging. The 
longitudinal method analyzed changes in the same persons over time in der- 
matology, ophthalmology, hearing, health care after Medicare, physician and 
self-health ratings, cognitive functioning, EEG frequencies, functioning and 
adjustment after widowhood, and self-concepts. The various analyses of fac- 
tors related to longevity also required a longitudinal design. The advantages 
of interdisciplinary collaboration is evident in the fact that most of these re- 
ports involve the joint analysis of variables from two or more areas: biology, 
physical medicine, psychiatry, psychology, and sociology. 

2. Patterns of declining health and physical functioning. This theme is re- 
peated with some variations in the overall declines in immunoglobulin con- 
centrations, skin conditions, vision, hearing, health ratings, and sexual activity. 
This confirms the expected pattern of normal aging. 

3. Exceptions to physical decline. Despite the overall declines as meas- 
ured by averages or group percentages, substantial minorities show no decline 
and may even have improvement in various measures of skin conditions, 
vision, hearing, health ratings, vitamin levels, and sexual activity. Thus, the 
process of physical aging is not necessarily an irresistible and irreversible 
force. Health and functioning can and do improve for some older persons just 
as they do for younger persons. 

4. Little or no decline in social and psychological functioning. This 
theme is in direct contrast to the theme of declining physical functioning. The 
first volume presented several findings showing little or no decline in activities, 
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attitudes, cautiousness, recall, and general adjustment. This volume reports 
only small overall declines in intelligence scores (especially among those 
aged 60-69 and those free of hypertension), reaction times, correct signal 
detections, and EEG frequencies. It is impressive how many of the normal 
aged are able to compensate for their growing physical handicaps and main- 
tain fairly stable levels of social and psychological functioning. This evidence 
tends to refute the disengagement theory that decline and withdrawal are 
typical, inevitable, and normal. 

5. Wide variation in aging patterns. This theme takes two forms: docu- 
menting the range of individual differences which group averages obscure, 
and attempting to account for individual and group differences. The aged 
usually show more individual variability than the young. This is shown 
dramatically in the report on immunoglobulin concentrations and is reflected 
in most other comparisons of the old and young. Thus, even when there are 
significant mean differences between the old and young, there is usually con- 
siderable overlap between the two distributions. This means that many older 
persons have better functioning and better scores than many younger persons. 
These reports attempt to account for this individual variation by analyzing 
differences by sex, race, socioeconomic group, health practices, chronic and 
acute illness, retirement, children leaving home, etc. 

Thus, the complex and difficult enterprise of exploring and charting the 
territory of aging continues. We believe this enterprise will eventually allow 
more older people to safely reach “the promised land” of a better and longer 
life. 


Appendix A. Design of the Adaptation 
Study 


Erdman Palmore 


Goals 


As the number and variety of gerontological studies increased during the 
sixties, there was a growing awareness that the aging process is not confined to 
persons over 65. The aging processes were recognized as extending over the 
entire life span, with special problems of adaptation during middle age and 
the preretirement years. Potentially stressful events such as death of spouse, 
serious illness, menopause, children leaving home, and preparation for re- 
tirement often occur before the age of 65. The adaptation study was designed 
to study responses to such events and the aging processes in general during 
the ages of 45 through 69. More specifically, the study is particularly in- 
terested in the factors or mechanisms which contribute to “successful” aging, 
defined in a variety of ways. 

The study was also designed to be interdisciplinary, to be representative 
of the broad middle and upper socioeconomic levels of our society, and to 
allow cross-sectional, longitudinal, and cross-sequential types of analysis. It is 
an interdisciplinary study because of its inclusion of several types of in- 
vestigators and-of variables representative of the physical, psychological, and 
social aspects of adaptation to aging. The sample is designed to be representa- 
tive by drawing on a random sample of all members of the major health in- 
surance association residing in the Durham area, stratified into ten age-sex 
cohorts. The design allows cross-sectional analysis between the ten age-sex 
cohorts and longitudinal analysis over a period of at least five years, and 
cross-sequential analysis comparing different age cohorts at different points in 
time. 


Variables 


The major variables being investigated are summarized in Figure A-1, 
“Diagram of Variables for Adaptation Study.” As this diagram indicates, 
there are three main types of independent variables: physical, psychological, 
and social. These are conceived of as the resources which should be related to 
how well a person adapts to aging and to stressful events. A person’s physical 
resources include his current mobility and general health, as well as his more 
specific musculoskeletal functioning, his cardiovascular capacity, and his abil- 
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Figure 1. Diagram of variables for adaptation study 
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Figure A—1. Diagram of variables for adap- 
tation study. 


ity to see and hear. His psychological resources include his intelligence and his 
personality characteristics such as his tendency to be outgoing, emotionally 
stable, assertive, conscientious, imaginative, experimental, self-sufficient, etc. 
Another psychological resource is the ability to concentrate and respond 
quickly and accurately under stress conditions (Vigilance Test). Abnormal 
electroencephalograph recordings indicate possible limitations on a person’s 
mental resources. The person’s various social resources are measured by 
counting the number of different social roles that a person is engaged in; the 
number of role partners he interacts with; the number and type of social con- 
tacts he has per month; the number of hours per week he spends in various 
activities; his socioeconomic resources such as education, income, neighbor- 
hood, and parent status; his concept of who and what kind of a person he is, 
what kind of person he would like to be; what kind of a life he has had and 
expects to have; and his knowledge about and attitudes toward community 
resources. His attitudes toward his own health and his willingness to take the 
sick role as well as his attitudes toward time, death, achievement, planning, 
and internal control may also be important resources in adaptation. 

There are two main types of adaptation measures: performance and intra- 
psychic reactions. Whether or not a person is able to perform so as to main- 
tain his financial and social independence is considered an important measure 
of adaptation. The amount of time spent in productive activities and social 
activities are other measures of performance. Reaction time and accuracy are 
a measure of a person’s ability to respond to external stimuli. The intra- 
psychic measures of adaptation are designed to measure whether or not a 
person is satisfied and happy with his adaptation or whether he has become 
more depressed with feelings of meaninglessness, powerlessness, normlessness, 
and isolation. The psychosomatic symptoms are an indirect measure of a 
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person’s adaptation and have been found to be related to unhappiness, psycho- 
neurosis, and other indicators of poor adaptation. Finally, a person’s self- 
concept should be related to how well he has adapted. 

During the eight hours of examination and interviews, data on more than 
1000 variables are recorded and entered on electronic tape for each person. 


Types of Analysis 


These various measures can be looked at cross-sectionally by comparing 
different age groups at one point in time, or longitudinally by comparing in- 
dividual and group differences over time, particularly after potentially stress- 
ful events such as death of spouse, serious illness, menopause, children 
leaving home, or retirement. The design, which involves five-year age groups 
who will be retested periodically for at least five years, makes possible various 
kinds of cross-sequential types of analysis. These analyses can control for 
cohort differences (generational effects), age changes (developmental effects ) 
and period differences (time effects). The longitudinal design also makes pos- 
sible the inference of cause and effect relationships through time-lag analysis 
which examines those changes more likely to follow other changes than visa 
versa. 


Sample 


In order to be fairly representative of the broad middle and upper socio- 
economic levels in Durham, the sample was drawn from the membership list 
of the major health insurance association in Durham County. This member- 
ship list includes the majority of middle- and upper-income-level Durham 
residents. The list underrepresents the lower class and poverty stricken, but 
the purpose of this study was to concentrate on the large “middle mass” rather 
than attempting representative numbers of the poor, the chronically ill, the 
illiterate or those in physical or mental hospitals. Illiterate persons were ex- 
cluded because they could not take the written tests. Institutionalized or 
homebound persons were excluded because they could not come in for the 
examinations. Blacks were also excluded from this study because they were 
being studied separately in another project. 

A total of 502 persons were interviewed and tested, with the numbers in 
each age-sex cohort ranging from 45 to 58 (see Table A—-1). The purpose of 
selecting these various quotas of persons in the various age-sex cohorts was to 
allow approximately 40 persons to be retested in each of the 10 age-sex 
cohorts at the end of five years, assuming a 10 percent dropout rate and the 
1960 North Carolina age-sex specific mortality rates. Thus, there were larger 
numbers included in the older age groups because these groups have higher 
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Table A-1. Numbers in age-sex cohorts, 1968 and 1973. 


Agein # Tested in 1968-70 Age in # To be retested in 1974-75* 


1968 Male Female 1973 Male Female 
45-49 47 45 50-54 40 40 
50-54 49 46 55-59 40 40 
55-59 52 47 60-64 40 40 
60-64 55 50 65-69 40 40 
65-69 58 53 70-74 40 40 


Totals 261 a 241 = 502 200 + 200 = 400 


* Assuming a 10% dropout rate and 1960 North Carolina mortality rates. 


mortality rates. It was decided that 40 was the minimum number of cases in 
each age-sex cohort group which would allow the desired level of precision 
for the types of analyses planned. 

An initial 2000 names and addresses were randomly drawn from the 
membership lists to serve as a pool for target numbers to be interviewed and 
tested. Persons were contacted and scheduled in a random order until enough 
subjects had been interviewed and tested to fulfill the target number in each 
age-sex cohort. Persons were first mailed an introductory letter explaining the 
purpose and procedures of the study and then were contacted by telephone or 
by visits for those without telephones. 

Because the study requires eight hours of examinations and interviews 
without compensation offered to the subjects (other than a free medical 
examination and laboratory tests), about half of the persons contacted either 
refused to participate or did not schedule a day for the examinations before 
the target number of subjects for that age-sex cohort had been reached (see 
Table A-2). The remaining persons in the initial pool were either ineligible 


Table A-2. Response rate by age and sex. 


Total contacted Inter- Noninter- % inter- 
Cohort and eligible viewed viewed viewed 
Males 
45-49 92 47 45 51 
50-54 95 49 46 52) 
55-59 96 52 44 54 
60-64 95 55 40 58 
65-69 113 58 55 51 
Females 
45-49 94 45 49 48 
50-54 107 46 61 43 
535-59 103 47 56 46 
60-64 111 50 61 45 
65-69 144 5S 91 37 


Total 1050 502 548 48 
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because they lived outside of the Durham area, were in the wrong age bracket, 
were Negro, illiterate, housebound, etc., or were not contacted before the 
target number had been reached. 

Because about one-half of the persons contacted were not interviewed 
and tested, an important question is the degree of representativeness of our 
interviewed subjects compared to the noninterviewed persons. We carried out 
a special study of noninterviewed persons in order to estimate how representa- 
tive our sample is. A random sample of 100 noninterviewed persons was 
drawn and minimum information on their age, sex, education, occupation, 
marital status, and health was secured by telephone or home visits. We also 
got tabulations from the health insurance association on the hospital and 
medical care usage of both the interviewed and noninterviewed persons. This 
study found no significant differences between those interviewed and those not 
interviewed, except that those not interviewed tended to have more in the 
extreme health categories (excellent health, poor health) and less in the 
middle categories (good health, fair health). Thus, while there probably are 
some undetected differences between the interviewed and noninterviewed, 
there does not appear to be any gross demographic or health bias in the 
sample of those interviewed. 

A special problem was encountered in the 65-69 year age group. Persons 
in this age group who are still members of the health insurance association are 
a somewhat elite group, because they are insuring themselves against only 
those health care costs not covered by Medicare. These persons are about 
one-half of all persons over 65. In order to make our sample in this age 
category more representative we included thirty-two subjects randomly drawn 
from persons who had been in the Duke Hospital during 1968-1969. It was 
thought that hospitalized persons would complement the Blue Cross—Blue 
Shield sample by more nearly representing those in poorer health. As it 
turned out, there were only small differences between the Duke Hospital group 
and the health association group over 65, with the Duke group having some- 
what higher income, education, and intelligence scores. Therefore, our sam- 
ple of persons 65—69 is probably above average and not as representative as 
the rest of our sample. This age category should be treated with caution in 
cross-sectional comparisons. 


Summary of Sample Design 


Five hundred two men and women aged 45—69 were tested from August 
1968 through April 1970, and 443 of the survivors were retested by March 
1972. The subjects were a random sample stratified by age and sex, of the 
major health insurance assocation in the Durham area. The numbers in each 
age-sex cohort were greater in the older ages in order to allow for the greater 
mortality rate of older persons. The goal is to have approximately 40 persons 
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retested five years after initial testing in each of the 10 age-sex cohorts. A 
supplementary sample of persons who had been in the Duke Hospital was 
added to the cohort aged 65—69 in an attempt to make this cohort sample 
more representative. About one half of the eligible persons contacted were 
interviewed and tested. A special follow-up study of noninterviewed persons 
found little difference between those interviewed and those not interviewed. 
The five-year cohorts are being retested periodically for at least five years in 
order to allow cross-sectional, longitudinal, and cross-sequential types of 
analysis. 


Appendix B. Data Processing 
in Longitudinal Studies 


Dietolf Ramm and Daniel T. Gianturco 


Introduction 


Statistical and data handling procedures are an important part of most 
scientific studies. The Center for the Study of Aging and Human Development 
has long been a heavy user of computer facilities and the Center’s computa- 
tional staff and equipment are an important part of its core operation. In this 
paper we will describe the important aspects of these data handling opera- 
tions with special emphasis on the two ongoing longitudinal studies. Problems 
in handling large amounts of data over large periods of time are discussed. 
A brief description of the most heavily used statistical package, TSAR, is also 
included. The detection and correction of errors in the collection and storage 
of data are carefully described. We also provide suggestions for future im- 
provement in procedures for these and future studies. 


Data Processing Resources of the Center 


The Center has available for its use both its own computer, an IBM 1130 
system, and Duke University’s computational facility. Heavy use is made of 
both. The computing facility in which the Center’s data processing personnel 
work is centrally located for other Center staff members. This organization 
provides for efficient use of services, facilitates the exchange of technical in- 
formation, and provides for training and support of investigators. 


Facilities and Staff 


The 1130 system (1.B.M., 1968). The basic computer in the center is 
an IBM 1131, model 2B with 8192 binary words consisting of 16 bits, plus 
two parity bits. Attached to this are an IBM 1442 card reader-punch and an 
IBM 1132 printer. A Redcor Analog-to-Digital (A-D) converter is attached 
to the 1131 via a special Redcor interface. 

Additional equipment essential to the operation of the A.D converter 
has been added, including a Hewlett-Packard FM tape playback unit, a 
Hewlett-Packard present controller, and a Hewlett-Packard Viso Scope. 

To allow the processing of larger psycho-physiological studies and to 
generally increase efficiency of computer utilization, an IBM 2310 disk drive 
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and a corequisite IBM multiplexer are being leased, as are two IBM 029 key- 
punches for program and data preparation. An IBM 2741 typewriter terminal 
for direct access to the Triangle Universities Computation Center is also 
available. 

The 1130 system is used in several different ways. For our Adaptation 
Study there is programmed conversion and analysis of psychophysiologic data. 
In this experiment, each longitudinal subject is exposed to a paced continuous 
performance task (“vigilance task”) with a minute by minute assessment of 
physiologic response (EKG, GSR, respiration, digital plethysmography) as 
well as measurement of response time and other measures of performance. 
The data generated consist of ten minutes of waves which have to be analysed 
in great detail (using the A-D converter) to evaluate the adaptive pattern 
of the individual. This work currently involves 502 individuals who are seen 
every two years. 

Other activities include analysis of cortical evoked potentials and alerting 
signals of the EEG, analysis of cerebral blood flow data, and extensive statisti- 
cal study of immunoglobulins of elderly and middle-aged subjects. The availa- 
bility of the facility is encouraging the development of new statistical 
techniques, (e.g., missing data statistics). These latter methods have applica- 
tion over a wide range of research interests. 

The staff. The staff of the computational facility includes seven people— 
three with faculty status. The administrator is a psychiatrist who has had a 
long time interest in applying computers to medicine. His responsibilities in- 
clude representing the data processing unit in dealing with the Duke Medical 
Center administration and insuring that the data processing group is respon- 
sive to the needs of the Aging Center. A computer scientist is responsible for 
maintaining the software and hardware of the computing system. He is also 
available to consult with staff in dealing with software problems involving the 
University computer facilities. The Center statistician is vital to planning ex- 
periments and collaborating in the analysis of data. This recent addition to 
the staff has reduced the need to consult with statisticians outside of the 
Center. 

The bulk of the programming is done by two Center programmers. They 
work with senior investigators to do analysis runs on Center data and see that 
data are properly stored and updated on the files. A keypunch operator is 
available to code and punch the longitudinal data, as well as programs for the 
programming staff. The staff of the Aging Center’s computational facility also 
includes a secretary who, in addition to normal secretarial duties, helps main- 
tain the library of computer reference documents and does card punching for 
text processing programs. 

The university's data processing facilities. In 1965, Duke University 
joined with the University of North Carolina and North Carolina State Uni- 
versity to form a nonprofit corporation called the Triangle Universities Com- 
putation Center (TUCC) (Brooks et al., 1969; Williams, 1972). This facility 
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was located centrally to the three schools. The TUCC is used via terminals 
from the respective campuses. 

Presently the TUCC equipment includes an IBM 370-165 (1.B.M., 
1972) computer with two million bytes (characters) or memory. For auxiliary 
memory, eight IBM 3330 disk drives (at 100 million bytes/drive), sixteen 
IBM 2314 disk drives (at 29 million bytes/drive) and five IBM tape drives 
are available. 

Some of the most important equipment at TUCC is the teleprocessing 
equipment. This allows users at remote sites to communicate with the com- 
puter facility. All communication is by means of telephone lines. The high 
speed connections to the campus computation centers, such as those at Duke 
are by means of a “bundle” of phone lines which are leased from the tele- 
phone company. Connections for slow terminals such a teletypes and type- 
writers are available through regular dial-up telephone connections. The 
Aging Center owns an IBM 2741 typewriter terminal which is used for direct 
access to TUCC. 

The Duke University Computation Center (DUCC) has an IBM 370- 
135 (Brooks et al., 1969; Williams, 1972) computer. Attached to this are 
four IBM 2314 disk drives and several tape drives. The computation center 
has two IBM 1403 line printers which can print up to 1100 lines per minute 
and three IBM 2501 card readers which read cards at 1000 cards per minute. 
One of these card readers is in the hall for “self-service” use of the computer. 

This campus computation center serves both as a high speed terminal to 
TUCC and as a local processor for smaller jobs. The Aging Center uses it 
only as a terminal. A courier picks up work at the Aging Center computer 
facility three times a day and takes it to the Duke Computation Center to be 
run. Completed work is returned by the courier service. Two self-service, 
medium speed terminals to TUCC are also within easy walking distance of 
the Aging Center, and they are becoming increasingly popular. 


History of Data Processing at the Duke Aging Center* 


A brief history of the data processing activities related to the longitudinal 
studies illustrates some of the problems one can expect to encounter. The first 
longitudinal study started in 1955 and is still continuing, spanning several 
“generations” of computer hardware and software. 

Tabular equipment. The study began before the computer was com- 
monly in use by behavioral scientists (“TSAR User’s Manual,” 1972). The 
kind of equipment then available is referred to as “tab” equipment. Data were 
punched on Hollerith (or IBM) cards with a keypunch, but instead of being 
fed into a computer, the cards were processed by a collection of special pur- 


* The authors are indebted to Professor T. M. Gallie for assistance on the history of 
computing at Duke University. 
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pose data processing machines. These included counting sorters, accounting 
machines (essentially for printing the contents of a sorted or processed deck 
of cards), reproducing punches (usually used for transferring a subset of the 
data on the master deck to a working deck), and collators. The final result 
was usually data analyzed in a contingency table format. 

Most of these machines had to be controlled by plug boards on which 
wires were used to specify the specific action the machine was to take. In a 
sense these machines were programmed, but in a much more constrained way 
than one programs the modern digital computer. Another practice common 
in those days (which caused some problems later on), was the punching of 
several items of data into one card column. This practice of “multipunching” 
made extremely efficient use of the cards and was well suited to tab equip- 
ment, but made the cards much harder to process with later generations of 
machines. 

The IBM 650. In 1958 Duke acquired an IBM 650 digital computer; 
it was the first digital computer to come into widespread use, and its success 
put IBM out in front. The 650 used vacuum tube logic circuits and a 2000 
word magnetic drum memory. It was, of course, much slower than modern 
machines and, due to the tubes, was certainly far less reliable. 

This computer was not heavily used in Center research, both due to the 
reluctance to change to new systems and to the lack of convenient, general 
purpose statistical programs. Programs to do linear regression were among 
the first to arouse an interest. 

The IBM 7072. In 1961, the University replaced the 650 by an IBM 
7070 computer (which was later upgraded to a variation of the 7070—the 
7072). This was one of the first transistorized machines and brought with it 
tremendous gains in speed and reliability. The 7072 used tape drives ex- 
clusively for input and output. The cards were actually read by a small IBM 
1401 computer and copied to tape. This then could be processed by the 7072. 
The output tapes from the 7072 were also copied to the printer by the 1401. 
This “off-line” reading of cards and printing is a technique still used in some 
systems today. This change of computer systems was responsible for the first 
reprogramming at Duke. Actually, since the 650 had had only limited use, 
there were no really big conversion problems. The use of the 7072 brought 
the first real effort on the part of the computer laboratory staff to urge the 
users of tab card equipment to use the computer instead. Initial programs for 
the 7072 were designed to duplicate the functions available with the tab 
equipment. These programs were used to produce contingency tables and do 
some other simple statistics. 

It soon became clear, however, that much more could be done. The needs 
of the longitudinal study in particular made a more sophisticated program 
highly desirable. In response to this need, the TSAR system (tape storage and 
retrieval) was developed. This was one of the first sophisticated statistical 
packages ever written for digital computers which was suitable for use by 
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behavioral scientists. It will be described in more detail later. The TSAR 
system won general acceptance and the present version is still the major 
program used in analysing the data of the longitudinal studies. All of the longi- 
tudinal data were stored on magnetic tapes for analysis by the system. TSAR 
has provisions for systematically updating such data bases. 

TUCC. In 1965 Duke joined with the University of North Carolina and 
North Carolina State University to form the Triangle Universities Computa- 
tion Center (the present status of which was described earlier). With this 
came the use of the IBM 360 series of computers. This also caused a crisis 
for computing at Duke and for the Aging Center. The TSAR system had be- 
come indispensible. While the statistical package was successfully repro- 
grammed for the 360, the tapes were not compatible and tape conversion 
programs which were available on the 7072 were not used before that machine 
was removed. Although the tapes were finally rebuilt successfully, the prob- 
lems were symptomatic of the times—everybody having trouble with re- 
programming and very few people around who understood the new system. 
(The problems were so great that when IBM brought out its new 370 series 
of computers to replace the 360 series, the changes were designed to be 
evolutionary in nature with old programs still useable in the new systems. ) 

In 1965 the Center began a second longitudinal study (the “Adaptation 
Study”) which included a study of psychophysiological measurements made 
during a “vigilance task.” To process these data, the Center purchased an 
IBM 1130 with an Analog-to-Digital Converter attached. This facility became 
the nucleus of the Aging Center’s present data processing and statistical equip- 
ment, as described previously. The 1130 is also used for preprocessing other 
data for ultimate storage on the TSAR tapes at TUCC. 


Data Handling and Analysis 


In this section we will trace the “path” of the longitudinal data from their 
collection to their analysis. 


Data Collection and Storage 


Forms. Most data in the study are collected first on forms appropriate to 
the particular study. Then they are keypunched and verified and finally stored 
on the tape. 

The forms used in the initial collection of data are usually designed by the 
investigator responsible for the data involved. They are normally mimeo- 
graphed sheets with questions and space for the answers. Information to aid 
in the keypunching of the data is also printed on the forms. This usually in- 
cludes a card number for each sheet of paper and then card-column numbers 
under each answer space. 
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Most of the forms are filled out by the person administering the test or 
questionnaire. Some, however, are filled out by the subject. Special care is 
taken to keep these forms simple and clear. 

Another method of source data collection often considered is the use of 
machine readable forms. Duke University has a mark sense reader available 
at a moderate cost. The greatest advantage of automated forms reading would 
be the bypassing of one transcription step (keypunching) which is potentially 
a source of errors. This was carefully considered but the following problems 
ruled out this approach. The cost of printing machine-readable forms is high, 
easily in excess of $100 per page for set-up alone, plus a relatively high print- 
ing cost per page. The high cost of set-up would tend to discourage changes 
and improvements in questionnaires. The layout of the form is somewhat 
limited and free text cannot be entered. Numbers require some care in entry 
and the only easy way to respond is to check true/false or multiple choice 
boxes. Also, while data are now added to the tapes at frequent intervals as 
the subjects complete the study, the economics of running small batches of 
sheets through the scanner would be poor since there is a minimum charge 
per use. 

Coding and punching. The step that follows the actual collection of data 
on forms is the transfer of these data to Hollerith (or IBM) cards. Often, 
when studies are made these days, the data must first be coded and trans- 
ferred to special coding sheets from which keypunchers at some central key- 
punch pool will punch the data. This extra coding of data and concurrent 
transcription on another form is a great source of potential error and often 
this operation is not properly checked. In our longitudinal study, this step is 
bypassed altogether. Since our data processing group includes a keypunch 
operator, the keypuncher learns to punch directly from the forms on which the 
data are collected. Any data which must be converted to some code is done 
by our own keypunching staff who become familiar with the data. The data 
are then verified in the normal manner (essentially a repunching of the same 
cards on a special device—an IBM 059 verifier.) Normally the verification is 
done by someone other than the person who did the original keypunching. 
Thus, the coding and interpretation of handwriting, etc., is also verified by 
another person, not just the correctness of the keying. 

Error checking is done also in two other ways. The punched cards are 
sent through a special program on our IBM 1130 to check that all values are 
in the correct range. The data are also checked by TSAR programs for in- 
ternal consistency after they are written on the tape. 

Storage of data. Data are actually stored in several ways. At this time, 
all of the original forms are still available in 10 five-drawer filing cabinets. 
The cards are also available, although some of them reflect the peculiarities of 
previous data processing systems. Finally, the data reside on the tapes. For 
actual research, the tapes contain the information in its most accessible form. 
The other forms of the data exist for various reasons. The forms contain some 


Ramm and Gianturco 303 


information which was collected but was never coded. From time to time, 
interest in some of these data is shown and more are coded, punched and 
added to the tapes. 

Microfilming these source data has also been considered. The cost, in com- 
bination with the increased difficulty in handling the data for keypunching, 
for example, has ruled out this space saving process. Also, for subjects that 
are still being actively studied, the data are increased all the time. This means 
that a subject’s file would be partly microfilms, partly paper. However, the 
sheer space requirements for all of these files may require some type of action 
soon, 

The data are saved on cards, obstensibly to restore the tapes should they 
be destroyed. However, due to the various formats used on the cards, this 
would be a rather tedious procedure. Instead, several copies are kept of the 
tape, so that if one is destroyed, the data can be restored from another. Copies 
of the data are also kept on disk packs. The format is the same as for tapes. 

Security and confidentiality of the data. Security and confidentiality are 
two rather different ideas, but since many of the precautions and methods are 
the same, they are usually discussed together. Confidentiality of the data is 
maintained by restricting access to staff actually analyzing the data. Source 
data (which identifies the individual’s name) is normally seen only by the 
persons collecting and coding the data. All filing cabinets and card files are 
kept locked. 

The data on the tapes require some different considerations. First, the 
names of the subjects are not recorded on the tapes. Second, the data are 
identifiable on the tapes only with the help of code books. The name of the 
variable on the tapes is often insufficient to explain the meaning of that item. 

A potentially more serious problem is that of security. Data can be de- 
stroyed either by accident or through malicious mischief. Precautions have 
been taken to secure the tapes and the code books. In both cases, security is 
provided by the maintenance of at least two copies in geographically widely 
separated locations. Tapes are stored at TUCC and at another location. 
Periodically, the backup tapes are updated to reflect additions to the data. 
In practice, this requires at least three sets of tapes, because copying a tape 
requires that two tapes be at the same location. A copy of the code books is 
also kept at a remote site. 


Data Retrieval and Analysis 


The investigator who wants to do a statistical analysis of the longitudinal 
data must be intimately acquainted with the data. Code books are available to 
all investigators indicating which variables have been coded and what they are 
called on the main data tape. Usually the investigators work with the Center 
programming staff, but some do their own computer runs. 

Code books. The code books are extremely important for accessing the 
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data. They not only give the variable name and location on the cards, but 
they are also used to record any problems encountered in the data. If certain 
variables seem to be incorrect, notes are added to the code book explaining 
the problem. Also names are chosen to be indicative of certain facts about the 
data. The subjects return periodically for restudy in ‘‘waves.” In the Adapta- 
tion Study, the variables in the first wave start with the letter A; the second 
with the letter B, etc. Corresponding variables from wave to wave will have 
the same name except for this prefix. However, changes are sometimes made 
and the measures are similar, but not the same. This is indicated by a change 
in the suffix so that the assumption is not made accidentally that these varia- 
bles can be strictly compared. 

TSAR (“TSAR User’s Manual,” 1972). As mentioned, most of the 
primary analyses of the longitudinal data are done with the TSAR system. 
There are several ways to use this system, and for small amounts of data, its 
use can be extremely simple. TSAR has a special utility subprogram called 
IVAN which is used to put data on tape in the special format which is suited 
to the main analysis programs. In this format, all variables are given names. A 
directory is formed at the beginning of the tape file which stores the variable 
names, and the location in each subject record (identified by a subject num- 
ber) where that particular record is stored. This means that for a later data 
analysis, the data are referred to by name, and one does not need to worry 
about where, or in what particular format, the data are stored. The IVAN 
program is used also to update the files. As additional data are coded and 
punched, they can be easily added to the tapes and, if necessary, old variables 
can be replaced—to correct an error, for example. 

After the data are put on “TSAR Tapes,” they can be used for any analy- 
sis in the TSAR system. For a typical analysis run, TSAR makes it easy to do 
two kinds of things to the data: transformations and grouping. By means of 
transformation operations, the variables may have constants added or sub- 
tracted, they may be multiplied by a factor, or new variables may be defined 
which are functions of one or more of the original variables. For example, one 
often wants to use the logarithm of a variable rather than the original variable 
in the analysis. 

The grouping operations allow one to define groups or subsets of the data. 
These groups are each given a unique number rather than a name. For exam- 
ple, the most common groupings are by sex and age. With the necessary 
groups defined, and any necessary transformation made, the particular type 
of analysis desired is stated—such as analysis of variance, cross sort, re- 
gression, etc. 

There are also other statistical programs in use such as those included in 
the Statistical Package for the Social Sciences (SPSS) (Nie et al., 1970) and 
the U.C.L.A. BIOMED package. Several Multivariate Analysis Variance 
(MANOVA) programs are also in use at TUCC and on the Aging Center’s 
1130 system. 
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Fighting Errors 


As in any data processing operation of this magnitude, errors are a con- 
stant problem. Despite the verification and checks for range and consistency, 
a few errors remain. One can hope that these few errors will tend to cancel 
out or not have significant effects in studies of this size. This is true, however, 
only for random errors. Errors due to misunderstandings, confusion over the 
way digits are handwritten by certain people (confusing 1 and 7, 2 and 1, 4 
and 9, etc.) can lead to systematic errors. Also, while the number of sub- 
jects is substantial, investigators often subdivide the sample into groups so 
small that an error in just one value can lead to spurious results. 

Interactive data collection. Two possibilities for improving error de- 
tection have been considered. One is to use interactive source data collection. 
This means that the data are entered into a computer terminal at the time of 
collection. Certain errors are checked for immediately, and the technician 
entering the data (or the subject in some cases) is immediately notified of the 
error. This may mean that the data can be reentered correctly before the 
source of the data has disappeared. Although the technology for this type of 
procedure is now available, it is still expensive. A problem that is even more 
serious than the cost is that many human engineering problems have yet to be 
solved. Most programs are much too unforgiving if the user makes a mistake. 
Often he has to restart the program from the beginning. 

Printouts for verification. A less costly effort towards error reduction 
would involve the use of computerized printouts of the data. Whenever data 
for a reasonable number of subjects have been coded and punched, the com- 
puter would be programmed to print out this data in such a way that the 
responsible investigator can quickly check through the data for consistency 
and reasonableness. This may seem easy, but first the program must be 
written to print out the data in such a way that the investigator can clearly 
see what measurements were involved and yet make the printout concise 
enough for quick review. The other trick is to find the right number of sub- 
jects to print out for review at any one time. If too many are done in a batch, 
the investigator will be overwhelmed and put off checking the data indefinitely. 
If the number of subjects is too small, then it becomes a nuisance and the 
investigator may save the printouts to look at later. The end result of that is 
also depressing. 

Displaying the results in graphic form would also aid in checking data. 
In spite of the listed problems, a printout type feedback system will be in- 
stituted in the near future. 
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Another area where much could be done is in the access to the data. 
Ideally, an investigator would have a terminal in his office from which he 
could instantaneously access any of the longitudinal data. Complex statistical 
analyses could be completed in seconds. Even a partial step in the direction 
of interactive data access and analysis could be a great improvement over the 
batch processing approach now in use. 

One of the most promising possibilities for interactive data analysis is the 
use of the Time Sharing Option (TSO) (Brooks, et al., 1969; Williams, 
1972) if IBM’s Operating System for its 360-370 series of computers. It has 
been in experimental use for several months at TUCC and its full capabilities 
under multiuser use are not clear yet. Limits on on-line disk space for the data 
and on-memory space for the analysis programs may doom efforts towards 
this approach. Also, a suitable interactive statistical program must yet be 
found or developed. 


Other Uses of Computers 


Data processing techniques could be used in other areas relating to the 
longitudinal studies. One example is that of computerized text processing. It 
would be used to store, update, and print out the forms used in collecting the 
data. By keeping the forms on the computer, minor changes would not re- 
quire the retyping of the whole form by a secretary. Only the changes in text 
would be fed to the text processing system and then the new form would be 
typed out by the computer system on masters for duplication. 


Conclusions 


From our experiences at the Duke Center for the Study of Aging and 
Human Development, we find the following points worthy of special em- 
phasis. The procedures for handling and accessing data should be as machine 
independent as possible. In long term studies, equipment will change and con- 
version of programs and procedures can be traumatic. 

One needs to identify and use a good statistical package—one that can 
reasonably be expected to survive changes in hardware, as was the case with 
Duke’s TSAR package. More important than the actual statistical procedures 
which the package performs, are its ability to handle and transform data. 

The avoidance and elimination of errors are important goals. They be- 
come especially important in studies that long outlive the tenure of technicians 
and even investigators involved in collecting data. Security is also a continuing 
problem since there is so much irretrievable data that could be lost. 

To reap the full benefit of the large quantities of data available, two 
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features are necessary. One is easy access to the data. It is hoped that time- 
sharing systems will improve to bring the data into easy reach of all re- 
searchers. The other necessary ingredient is a competent data processing staff. 
They must be readily accessible for consultation and they must become in- 
volved in the “life” of the study. At Duke, most of the data processing staff 
attend all of the research and administrative meetings. They are actively in- 
volved in planning new work. Only in this way can a longitudinal study be 
a true success. 
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